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Appendix  IIA.  Accuracy  Assessment  of  FACT  PL9D 
Compared  to  SUDS  Experimental  Data  (U) 
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SUDS  I (U) 

Environment  (U) 

(C)  All  environmental  measurements  come 
from  station  1 of  the  SUDS  I measure- 
ments. Three  sound  speed  profiles,  given 
in  Figures  IIA1-IIA3,  represent  average 
conditions  during  three  measurement  per- 
iods. These  sound  speed  profiles,  in 
accordance  with  Martin  (1981),  will  be 
referred  to  as  profiles  A,  E,  and  B. 
Profile  A has  a surface  duct  to  a depth 
of  68  m overlying  a sound  channel  with 
axis  at  900  m.  Profile  E is  an  average 
profile  with  a 20  m surface  duct,  a sub- 
surface channel  with  axis  at  200  m and  a 
deep  sound  channel  with  axis  at  900  m. 
Profile  B has  a surface  duct  to  a depth 
of  79  m and  a deep  sound  channel  with 
axis  at  900  m. 

(C)  The  source  used  pulsed  energy,  and 
bottom  bounce  arrivals  were  temporally 
filtered  out.  The  effective  bottom  loss 
for  model  input  should  therefore  be  dB 
(actually,  a bottom  loss  of  50  dB  was 
entered  for  all  grazing  angles). 

Test  Cases  (U) 

(C)  The  12  test  cases  selected  from  SUDS 
I experimental  data  for  use  in  model 
evaluation  are  as  follows: 


In  this  table,  Rmin  is  the  minimum 
range  at  which  data  is  found,  R^*  is 
the  maximum  range  and  SSP  denotes  sound 
speed  profile. 

(U)  Both  source  and  receiver  are  in  the 
surface  duct  for  cases  I,  III,  IX,  and 
XI.  Source  and  receiver  are  across  the 
duct  from  one  another  in  cases  II,  IV, 
V,  VII,  X,  and  XII.  Both  source  and  re- 
ceiver are  below  the  duct  for  cases  VI 
and  VIII.  The  experimental  data  for  the 
twelve  test  cases  are  plotted  in  figures 
IIA -4  through  IIA-15. 

Accuracy  Assessment  Results  (U) 

(U)  The  accuracy  assessment  procedures 
were  followed  as  outlined  in  section  1.1 
and  described  in  detail  in  section  5 of 
Volume  I of  this  series.  The  following 
figures  are  given  for  each  case:  (1) 

FACT  PL9D  output  using  the  semicoherent 
option  and  (2)  the  FACT  PL9D  semi- 
coherent result  subtracted  from  the  SUDS 
data.  These  are  presented  in  pairs  as 
Figures  IIA16-IIA39.  The  coherent  FACT 
PL9D  plots  are  given  in  Figures  IIA40- 
IIA51  and  incoherent  results  in  Figures 
IIA52-IIA63.  As  the  reader  can  verify, 
the  three  phase  addition  options  led  to 
essentially  the  same  result.  Difference 
curves  and  their  associated  statistics 
are  not  presented  for  incoherent  and 


CASE 

SOURCE 

DEPTH 

(m) 

RECEIVER 

DEPTH 

(m) 

FREQUENCY 

(kHz) 

^min 

(km) 

^max 

(km) 

NO.  OF 
POINTS 

SSP 

WIND 

SPEED 

(kn) 

I 

45 

17 

0.4 

2.0 

24.5 

92  5 

A 

11 

II 

45 

112 

0.4 

2.0 

17.4 

625 

A 

11 

III 

42 

43 

1.0 

2.0 

24.4 

959 

A 

11 

IV 

42 

112 

1.0 

2.0 

24.8 

818 

A 

11 

V 

41 

6 

1.5 

0.4 

24.6 

796 

E 

4 

VI 

41 

59 

1.5 

0.4 

24.8 

811 

E 

4 

VII 

41 

6 

2.5 

0.4 

24.8 

868 

E 

4 

VIII 

41 

59 

2.5 

0.4 

24.8 

866 

E 

4 

IX 

45 

17 

3.5 

0.1 

35.3 

1311 

B 

6 

X 

45 

112 

3.5 

0.1 

35.8 

918 

B 

6 

XI 

42 

17 

5.0 

0.1 

35.5 

1421 

B 

6 

XII 

42 

112 

5.0  0.1 
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coherent  model  results;  they  ware  cal- 
culated and  found  to  be  essentially 
Identical  to  the  semicoherent  results. 
For  the  same  reason,  the  figure  of  merit 
analysis  was  applied  to  only  the  FACT 
PL9D  semicoherent  output . The  means  and 
standard  deviations  of  the  differences 
between  the  SUDS  data  and  the  FACT  PL9D 
semicoherent  output  are  given  in  Table 
IIA1. 

(C)  For  Cases  I and  II  (400  Hz)  the  SUDS 
data  shows  the  cross  layer  Case  II  to 
sustain  15  dB  greater  loss  than  the  in- 
layer Case  I.  The  corresponding  figure 
for  FACT  results  was  5 dB.  The  proolem 
seems  to  rest  primarily  with  Case  I as 
is  evident  from  the  pertinent  values  of 
means  and  standard  deviations.  The  dif- 
ference curve  for  Case  I shows  a 5-10  dB 
negative  offset  (which,  as  we  shall  see 
below,  translates  into  pessimistic  range 
predictions)  to  a range  of  10  km.  From 
16  km  onward  the  trend  is  toward  posi- 
tive difference  with  the  curve  crossing 
zero  at  18  km.  For  Case  II,  the  differ- 
ence curve  shows  no  dominant  trend.  At  1 
kHz,  Case  III  is  an  in-layer  case  and 
Case  IV  has  cross-layer  geometry.  To  a 
range  of  7 km  the  difference  between  the 
SUDS  data  for  the  two  cases  is  10  dB; 
beyond  that  the  difference  Increases  to 
20  dB,  the  cross-layer  case,  of  course, 
exhibiting  the  greater  loss.  The  model 
results  show  a difference  of  5 dB  at 
short  ranges,  increasing  steadily  to  15 
dB  at  25  km.  The  difference  curves 
reveal  basically  the  same  behavior  for 
both  cases  to  a range  of  7 km.  Beyond 
that,  Case  III  shows  a generally  nega- 
tive bias  and  Case  IV  a positive  bias 
with  a negative  trend.  For  Case  III, 
differences  are  largely  due  to  the 
model's  lack  of  an  interference  struc- 
ture found  In  the  experimental  results. 
At  1.5  kHz,  Case  V is  a cross-layer  case 
and  Case  VI  is  a below-layer  case.  The 
experimental  data  are  roughly  similar  to 
a range  of  12  km.  From  that  point  on,  a 
difference  of  approximately  10  dB  is 
found  with  the  below-layer  loss  greater. 
The  model  results  show  a monotonically 
growing  difference  which  eventually 
reaches  10  dB  at  25  km.  In  both  cases 


the  experimental  data  have  significant 
interference  patterns  and  the  model  does 
not.  The  differences  are  primarily  due 
to  this  factor  in  Cases  VII  and  VIII,  at 
2.5  kHz,  Case  VII  has  a cross-layer  and 
Case  VIII  a below-layer  source/receiver 
geometry.  The  below-layer  curve  has  an 
ever-widening  difference  from  the  in- 
layer curve  to  about  20  dB  at  24  km  for 
the  SUDS  data  and  both  curves  show  a 
substantial  interference  pattern.  In 
case  VIII,  the  experimental  data  shows  a 
decrease  in  loss  from  14  to  24  km.  The 
model  shows  a mono tonic  increase  over 
the  full  range  extent.  For  these  cases 
there  appears  to  be  no  correspondence 
between  experimental  findings  and  model 
predictions.  This  finding  ’.olds  *i 
fortiori  for  in-layer  Case  IX  at  3.5 
kHz.  The  cross-layer  Case  X at  3.5  kHz 
shows  good  corres  ondence  between  model 
and  SUDS  data  between  3 and  10  km.  In 
this  case  the  SUDS  data  show  no  inter- 
ference pattern  but  are  characterized  by 
+ 5 dB  fluctuations  (except  where 

clipped  at  95  dB).  The  model  results 
show  no  fluctuations.  The  5 kHz  Cases  XI 
and  XII  are  present  in-layer  and  cross- 
layer source/receiver  geometries,  re- 
spectively. In  both  cases,  a strong 
trend  in  the  difference  curve  shows  a 
basically  different  falloff  range  be- 
tween SUDS  data  and  FACT  output.  FACT 
fails  to  capture  the  interference  pat- 
tern of  Case  XI  or  the  fluctuations  of 
Case  XII  (similar  to  Cases  IX  and  X). 

(C)  Now,  let  us  turn  to  the  Figure  of 
Merit  (F0M)  analysis.  F0M  versus  detec- 
tion range  is  tabulated  for  SUDS  data 
and  FACT  semicoherent  results  at  5 dB 
increments  for  the  twelve  cases  in 
Tables  IIA2-IIA13.  For  Case  I,  the  model 
predicts  pessimistic  detection  range 
coverage  compared  to  SUDS  data  for  FOMs 
<85  dB;  for  FOMs  between  85  and  95  dB 
agreement  between  FACT  output  and  SUDS 
data  is  close.  For  Case  II,  results  are 
in  basic  agreement  between  FACT  and 
SUDS.  This  is  not  surprising  upon  noting 
the  relatively  small  mean  and  standard 
deviation  of  differences  for  this  case. 
For  Case  III,  FACT  is  consistently  pes- 
simistic in  detection  range  estimates. 
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Case  IV  shows  basic  agreement  in  detec- 
tion range  between  model  results  and 
experimental  data.  In  Case  V,  agreement 
is  found  for  FOMs  less  than  80  dB.  Past 
80  dB  the  SUDS  data  show  increasingly 
greater  coverage  that  is  zonal  as  com- 
pared to  FACT  which  has  no  interference 
structure  and  therefore  no  zonal  cover- 
age. This  same  result  is  obtained  for 
Case  VI  where  the  disagreements  are 
found  for  FOMs  equal  to  or  greater  than 
90  dB.  In  Case  VII  there  is  no  corre- 
spondence between  SUDS  data  and  FACT 
output.  For  FOMs  less  than  80  dB  FACT  is 
optimistic,  and  at  past  80  dB  SUDS  data 
are  zonal  in  detection  coverage  due  to 
interference  patterns  and  overall,  FACT 
is  pessimistic  at  these  FOMs.  The  ini- 
tially lower  loss  values  for  FACT  in 
Case  VIII  result  in  optimistic  detection 
range  predictions  for  FOMs  up  to  and  in- 
cluding 95  dB.  For  FOMs  100  dB,  model 
output  and  experimental  data  are  in 
basic  agreement  (somewhat  fortuitous, 
however,  considering  FACT'S  lack  of  in- 
terference pattern  as  compared  to  SUDS 
data).  Cases  IX  and  X exhibit  no  corre- 
spondence between  model  and  experiment, 
FACT  being  consistently  pessimistic  (by 
factors  as  great  as  6 for  Case  IX  and  2 
for  Case  X).  In  Case  XI  the  range  errors 
increase  with  increasing  FOM  and  inter- 
ference patterns  in  SUDS  data  result  in 
zonal  detection  coverage.  FACT  predicts 
short  ranges  compared  to  SUDS  data.  For 
Case  XII  basic  agreement  is  found 
through  FOM  = 70  dB;  for  FOMs  from  75-95 
dB  FACT  predicts  optimistic  ranges;  for 
FOM  100  dB,  FACT  predicts  pessimistic 
detection  ranges. 

(C)  From  the  above,  the  following  gener- 
al conclusions  may  be  reached:  (1) 

Regardless  of  source/receiver  geometry 
with  respect  to  the  surface  duct,  agree- 
ment i s generally  lacking  between  FACT 
PL9D  results  and  SUDS  data.  (2)  This  is 
particularly  notable  in  FACT'S  inability 
to  reproduce  either  fluctuations  or  in- 
terference patterns  observed  in  the  SUDS 
data.  (3)  The  basically  identical 
results  for  FACT  regardless  of  coherence 
option  chosen  indicates  a need  for 
closely  examining  this  aspect  of  the 


A- 3 


model.  (4)  It  would  appear  that  FACT  re- 
quires a new  surface  duct  module  which 
includes  leakage  and  rough  surface 
effects . 
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(U)  Table  IIA-1.  Means  (fi)  and  Standard  Deviations  (o)  of 
Differences  Obtained  by  Subtracting  Fact  PL9P  Semicoherent 
Outputs  From  Suds  I Experimental  Data  (in  dB) 


Case 

M 

a 

I 

-5.9 

6.0 

II 

1.2 

2.7 

III 

-1.8 

3.0 

IV 

6.1 

4.8 

V 

-2.5 

7.3 

VI 

-0.2 

5.2 

VII 

5.8 

11.8 

VIII 

9.3 

8.5 

IX 

-17.6 

7.6 

X 

-8.1 

6.2 

XI 

-5.6 

8.7 

XII 

3.4 

9.2 
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(C)  Table  IIA-2  Detection  Range  (km)  as  a Function  of  Figure 
of  Merit  (dB)  for  SUDS  I Data  and  FACT  PL9D  Model  Results. 

Case  I: 

(Station  1,  Run  3,  Source  Depth  = 45  m Receiver  Depth  = 17  m, 

Frequency  = 400  Hz 


DATA  SET 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 


FOM 

Rc1 

60 

- 

60 

0.5 

65 

9.0 

65 

2.0 

70 

12.0 

70 

4.5 

75 

15.5 

75 

8.0 

80 

17.0 

80 

13.0 

85 

18.5 

85 

18.0 

90 

19.5 

90 

23.0 

95 

20.5 

95 

>24.0 

RANGE  > R 


ZDC*  70%,  20.5-24  km 


1.  R = Range  to  which  detection  coverage  is  continuous. 

c 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA-3.  Detection  Range  (km)  as  a Function  of  Figure 
of  Merit  (dB)  for  SUDS  I Data  and  FACT  PL9D  Model  F.esults. 

Case  II: 

(Station  1,  Run  3,  Source  Depth  = 45  m,  Receiver  Depth  = 112  m, 

Frequency  = 400  Hz) 


DATA  SET 

FOM 

Rc1 

Range  > Rc 

SUDS 

70 

- 

1 

FACT  PL9D 

70 

2.5 

SUDS 

75 

- 

ZDC2  90%,  1.5-6. 5 km 

FACT  PL9D 

75 

4.5 

SUDS 

80 

7.0 

FACT  PL9D 

80 

7.0 

SUDS 

85 

7.5 

ZDC  15%,  7.5-13  km 

FACT  PL9D 

85 

11.5 

SUDS 

90 

10.5 

ZDC  70%,  10.5-14.5  km 

FACT  PL9D 

90 

16.0 

SUDS 

95 

16.5 

FACT  PL9D 

95 

>16.5 

1.  R = Range  to  which  detection  coverage  is  continuous. 

c 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA- 4.  Detection  Range  (km)  as  a Function  of  Figure 
of  Merit  (dB)  for  SUDS  I Data  and  FACT  PL9D  Model  Results. 

Case  HI: 

(Station  1,  Run  4,  Source  Depth  = 42  m,  Receiver  Depth  = 43  m, 

Frequency  = 1 kHz) 


DATA  SET 

FOM 

Rc1 

RANGE  > 

w 

SUDS 

60 

- 

ZDC2  75%,  2-3  km 

FACT  PL9D 

60 

1.5 

SUDS 

65 

3.5 

ZDC  15%,  3. 5-5. 5 km 

FACT  PL9D 

65 

3.0 

SUDS 

70 

6.0 

ZDC  50%,  7.5-13.5  km 

FACT  PL9D 

70 

7.0 

SUDS 

75 

7.0 

100%  coverage,  7.5-17.5  with  one  dropout  at 
15  km 

FACT  PL9D 

75 

11.5 

SUDS 

80 

21.5 

ZDC  60%,  21.5-24.5  km 

FACT  PL9D 

80 

>24.5 

1.  R = Range  to  which  detection  covet  age  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA-5.  Detection  Range  (km)  aa  a Function  of  Figure 
of  Merit  (dB)  for  SUDS  I Data  and  FACT  PL9D  Model  Results. 

Case  IV: 

(Station  1,  Run  4,  Source  Depth  = 42  m,  Receiver  Depth  = 112  m, 

Frequency  = 1 kHz) 


DATA  SET 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 


FOM 

Rc1 

70 

- 

70 

2.5 

75 

2.5 

75 

4.5 

80 

5.5 

80 

7.0 

85 

7.0 

85 

11.0 

90 

7.0 

90 

16.0 

95 

8.0 

95 

20.0 

100 

8.5 

100 

>24.5 

Range  > R 

v 


ZDC*  15%,  2-3.5  km 


ZDC  90%,  2.5-5  km 


ZDC  80%,  5. 5-6. 5 km 


ZDC  5%,  7-15  km 


ZDC  40%,  8-16.5  km 


ZDC  80%,  8.5-16.5  km;  ZDC  50%,  16.5-18.5 
km;  ZDC  20%,  18.5-24.5  km 


1.  R = Range  to  which  detection  coverage  is  continuous. 

w 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA-6.  Detection  Range  (km)  as  a Function  of  Figure 
of  Merit  (dB)  for  SUDS  I Data  and  FACT  PL9D  Model  Results. 

Case  V: 

(Station  1,  Run  1,  Source  Depth  = 41  m,  Receiver  Depth  = 6 m, 

Frequency  = 1.5  kHz) 


DATA  SET 

FOM 

Rc1 

Range  > EQ 

SUDS 

60 

- 

ZDC2  50%,  0. 5-2.0  km 

FACT  PL9D 

60 

1.0 

SUDS 

65 

- 

100%  coverage,  0.5- 2. 5 km 

FACT  PL9D 

65 

2.5 

SUDS 

70 

- 

100%  coverage,  0.5-4  km 

FACT  PL9D 

70 

4.5 

SUDS 

75 

- 

100%  coverage,  0.5-5  km;  ZDC  50%,  5-6  km 

FACT  PL9D 

75 

7.5 

SUDS 

80 

- 

100%  coverage,  0.5-8  km  and  19.5-22  km 

FACT  PL9D 

80 

10.5 

ZDC  35%,  9-11.5  km;  ZDC  90%,  11.5-18  km; 

SUDS 

85 

100%  coverage,  19-22.5  km 

FACT  PL9D 

85 

100%  coverage,  9.5-11,  11.5-18,  18.5-23; 

SUDS 

90 

ZDC  50%,  23-24.5  km 

FACT  PL9D 

90 

17.5 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA-7.  Detection  Range  (km)  as  a Function  of  Figure 
of  Merit  (dB)  for  SUDS  I Data  and  FACT  PL9D  Model  Results. 

Case  VI: 

(Station  1,  Run  1,  Source  Depth  = 41  m,  Receiver  Depth  = 59  m. 

Frequency  = 1.5  kHz) 


DATA  SET 

FOM 

Rc1 

RANGE  >RC 

SUDS 

60 

- 

ZDC2  30%,  0.5-2  km 

FACT  PL9D 

60 

1.0 

SUDS 

65 

- 

ZDC  50%,  0.5-3  km 

FACT  PL9D 

65 

2.0 

SUDS 

70 

- 

ZDC  70%,  0.5-3. 5 km 

FACT  PL9D 

70 

3.5 

SUDS 

75 

- 

ZDC  85%,  0.5-3. 5 km 

FACT  PL9D 

75 

3.5 

SUDS 

80 

5.0 

100%  coverage,  7-7.5  km 

FACT  PL9D 

80 

7.0 

SUDS 

85 

5.0 

100%  coverage,  6.5-8  km 

FACT  PL9D 

85 

7.5 

ZDC  85%,  5-11  km;  ZDC  85%,  11.5-12.5  km; 

SUDS 

90 

5.0 

ZDC  30%,  14-16.5  km 

FACT  PL9D 

90 

10.5 

SUDS 

95 

11.0 

ZDC  85%,  11-18  km;  ZDC  85%,  20-22  km 

FACT  PL9D 

95 

14.5 

ZDC  95%,  11.5-18  km;  ZDC  10%,  18-20.5  km; 

SUDS 

100 

11.5 

ZDC  90%,  20-22.5  km;  ZDC  20%,  22.5-25  km 

FACT  PLOD 

100 

19.0 

1.  R = Range  to  which  detection  coverage  is  continuous. 

c 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA-8  Detection  Range  (km)  as  a Function  of  Figure 
of  Merit  (dB)  for  SUDS  I Data  and  FACT  PL9D  Model  Results. 

Case  VII: 

(Station  1,  Run  2,  Source  Depth  = 41  m,  Receiver  Depth  = 6 m, 

Frequency  = 2.5  kHz) 


DATA  SET 

FOM 

Rc1 

RANGE  > Rc 

SUDS 

65 

- 

ZDC2  10%,  0-1  km 

FACT  PL9D 

65 

2.5 

SUDS 

70 

- 

ZDC  60%,  0-1  km 

FACT  PL9D 

70 

4.5 

SUDS 

75 

- 

ZDC  50%,  0-2  km 

FACT  PL9D 

75 

7.0 

SUDS 

80 

- 

ZDC  70%,  0-4  km;  100%  coverage  21-22  km 

FACT  PL9D 

80 

10.0 

ZDC  95%,  1-4  km;  100%  coverage,  17.5-18.5 

SUDS 

85 

1.0 

and  20-23  km 

FACT  PL9D 

85 

13.5 

SUDS 

90 

4.0 

ZDC  10%,  4-11  km;  ZDC  90%,  15.5-23.5  km 

FACT  PL9D 

90 

17.0 

SUDS 

95 

6.0 

ZDC  80%,  6-17  km;  ZDC  90%,  17-24  km 

FACT  PL9D 

95 

20.5 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA-9.  Detection  Range  (km)  as  a Function  of 
Figure  of  Merit  (dB)  for  SUDS  I Data  and 
FACT  PL9D  Model  Results. 

CASE  VIII: 

(Station  1,  Run  2,  Source  Depth  = 41  m,  Receiver  Depth  - 59  m, 

F equency  = 2.5  kHz) 


FOM 

Rc1 

70 

- 

70 

3.5 

75 

- 

75 

3.5 

8Q 

- 

80 

6.0 

85 

- 

85 

7.5 

90 

- 

90 

10.5 

95 

4.0 

95 

14.5 

100 

5.0 

100 

18.0 

105 

6.0 

105 

21.5 

110 

6,0 

110 

24.5 

115 

19.0 

115 

* >24.5 

Range  > Rc 
ZDC2  15%,  0-1  km 

ZDC  20%,  0-1  km 

ZDC  50%,  0-2  km 

ZDC  60%,  0-3  km 

ZDC  80%,  0-4  km 

ZDC  50%,  4-5  km; 
i km  coverage  at  8 and  22  km 

ZDC  60%,  5. 0-8. 5 km;  ZDC  50%,  11-18  km; 
ZDC  30%,  20.5-23  km 

ZDC  90%,  6-8.5  km;  ZDC  20%,  8.5-11  km; 
ZDC  90%,  11-18.5  km;  ZDC  75%,  20-23.5  km 

ZDC  95%,  6-18.5  km;  ZDC  50%,  18.5-20  km; 


19.0  ZDC  90%,  19-24.5  km 


DATA  SET 
SUDS 

FACT  PI.9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9Q 
SUDS 

FACT  PL9D 
SUDS 

FACT  PL9D 


1.  R = Range  to  which  detection  coverage  is  continuous. 

C 

2.  ZDC  = Zor  a Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  whicn  detection  is  possible. 
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(C)  Table  IIA-10.  Detection  Range  (km)  as  a Function  of 
Figure  of  Merit  (dB)  for  SUDS  I Data  and 
FACT  PL9D  Model  Results. 

CASE  IX: 

(Station  1,  Run  5,  Source  Depth  = 45  m,  Receiver  Depth  = 17  m, 

Frequency  = 3.5  Hz) 


DATA  SET 

FOM 

1 

V 

Range  > RQ 

SUDS 

60 

ZDC2  60%  0-4  km;  ZDC  15%,  4-8  km 

FACT  PL9D 

60 

1.0 

SUDS 

65 

- 

ZDC  90%,  0-8.5  km;  ZDC  50%,  11-12.5  km 

FACT  PL9D 

65 

2.0 

SUDS 

70 

9.0 

ZDC  90%,  9.5-12.5  km;  ZDC  5%,  14-17  km 

FACT  PL9D 

70 

3.0 

ZDC  50%,  9-10  km;  ZDC  90%,  10-13  km; 

SUDS 

Y5 

9.0 

ZDC  80%,  13-20  km 

FACT  PL9D 

75 

5.5 

ZDC  90%,  9-21  km;  ZDC  30%,  21-23.5  km; 

SUDS 

80 

9.0 

100%  coverage,  23.5-27.5  km 

FACT  PL9D 

80 

8.0 

SUDS 

85 

9.0 

ZDC  90%,  9-32  km 

FACT  PL9D 

85 

12.0 

SUDS 

90 

23.0 

ZDC  90%,  23-32  km;  ZDC  10%,  32-36  km 

FACT  PL9D 

90 

15.0 

SUDS 

85 

23.0 

ZDC  95%,  23-32.5  km;  ZDC  50%,  32.5-36  km 

FACT  PL9D 

95 

19.0 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA- 11.  Detection  Range  (km)  as  a Function  of 
Figure  of  Merit  (dB)  for  SUDS  I Data  and 
FACT  PL9D  Model  Results. 

CASE  X: 

(Station  1,  Run  5,  Source  Depth  = 45  m,  Receiver  Depth  = 112  m. 

Frequency  = 3.5  kHz) 


Range  > R 


DATA  SET 

FOM 

Rc1 

SUDS 

60 

- 

FACT  PL9D 

60 

0.5 

SUDS 

65 

“ 

FACT  PL9D 

65 

1.5 

SUDS 

70 

- 

FACT  PL9D 

70 

3.0 

SUDS 

75 

2.5 

FACT  PL9D 

75 

4.5 

SUDS 

80 

2.5 

FACT  PL9D 

80 

6.5 

SUDS 

85 

4.0 

FACT  PL9D 

85 

9.0 

SUDS 

90 

7.0 

FACT  PL9D 

90 

10.0 

SUDS 

95 

10.5 

FACT  PL9D 

95 

12.0 

ZDC*  40%,  0-2.5  km 

0.5 

ZDC  80%,  0-3  km 

1.5 

ZDC  98%,  0-2.5  km;  ZDC  15%,  2.5-4  km 

3.0 

2.5  ZDC  30%,  2.5-6  km 

4.5 

2.5  ZDC  60%,  4-6.5  km;  ZDC  15%,  6.5-9  km 

6.5 

ZDC  85%,  4-6.5  km;  ZDC  30%,  6.5- 

4.0  10.5  km 

9.0 

ZDC  60%,  7-12.5  km;  ZDC  ?%,  12.5-17  km 

7.0  (data  clipped  at  95  dB) 

0.0 

ZDC  90%,  10.5-12.5  km;  ZDC  = ?,  12.5-21  km 
0-5  (data  clipped  in  this  interval);  ZDC  10%, 

21-25  km 


1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  - Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIA- 12.  Detection  Range  (km)  as  a Function  of 
Figure  of  Merit  (dB)  for  SUDS  I Data  and 
FACT  PL9D  Model  Results. 

CASE  XI: 

(Station  1,  Run  6,  Source  Depth  = 42  m,  Receiver  Depth  = 17  m, 

Frequency  = 5 kHz) 


DATA  SET 

FOM 

Rc1 

Range  > Rq 

SUDS 

70 

- 

ZDC2  50%,  0-2  km 

FACT  PL9D 

70 

2.5 

ZDC  60%,  0-2  km;  ZDC  15%,  2.4  km; 

SUDS 

75 

ZDC  60%,  5. 5-6. 5 km 

FACT  PL9D 

75 

5.0 

SUDS 

80 

1.5 

ZDC  80%,  1.5-5  km;  ZDC  60%, 5-8. 5 km 

FACT  PL9D 

80 

7.0 

ZDC  90%,  1.5-7  km;  ZDC  70%,  7-13.5  km; 

SUDS 

85 

1.5 

| ZDC  15%,  13.5-19  km 

FACT  PL9D 

85 

9.5 

SUDS 

90 

4.5 

ZDC  856,  4.5-13  km;  ZDC  50%,  13-19  km 

FACT  PL9D 

90 

12.5 

SUDS 

95 

5.0 

ZDC  90%,  5-19  km;  ZDC  10%,  19-27  km 

FACT  PL9D 

95 

15.5 

ZDC  95%,  10.5-19.5  km;  ZDC  60%,  19.5- 

SUDS 

100 

10.5 

27.5  km;  ZDC  15%,  27.5-32  km 

FACT  PL9D 

100 

19.0 

SUDS 

105 

19.5 

ZDC  90%,  19.5-32  km 

FACT  PL9D 

105 

21.5 

SUDS 

110 

23.0 

ZDC  95%,  23-32  km;  ZDC  10%,  32-35.5  km 

FACT  PL9D 

110 

24.5 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIA-13.  Detection  Range  (km)  as  a Function  of 
Figure  of  Merit  (dB)  for  SUDS  I Data  and 
FACT  PL9D  Model  Results. 

CASE  XII: 

(Station  1,  Run  6,  Source  Depth  = 42  m,  Receiver  Depth  = 112  m, 

Frequency  = S kHz) 


DATA  SET 

FOM 

Rc1 

Range  > Rc 

SUDS 

65 

0.5 

FACT  PL9D 

65 

1.5 

SUDS 

70 

0.5 

ZDC2  50%,  0.5-1. 5 km 

FACT  PL9D 

70 

2.5 

SUDS 

75 

2.5 

ZDC  50%,  0. 5-2.0  km 

FACT  PL9D 

75 

4.5 

SUDS 

80 

1.0 

ZDC  50%,  1-2  km;  ZDC  15%,  2-3.5  km 

FACT  PL9D 

80 

6.0 

SUDS 

85 

H* 

• 

o 

ZDC  90%,  1-3  km;  ZDC  30%,  3-4  km 

FACT  PL9D 

85 

8.0 

SUDS 

90 

2.5 

ZDC  30%,  2. 5-5. 5 km 

FACT  PL9D 

90 

9.5 

SUDS 

95 

3.5 

ZDC  30%,  3. 5-7.0  km 

FACT  PL9D 

95 

10.5 

ZDC  ?%,  4-14  km 

SUDS 

100 

4.0 

(data  is  clipped  at  high  loss  end) 

FACT  PL9D 

100 

12.5 

ZDC  ?%,  5-16.5  km 

SUDS 

105 

5.0 

(data  is  clipped  at  high  loss  end) 

FACT  PL9D 

105 

15.0 

ZDC  ?%,  7-25  km 

SUDS 

110 

7.0 

(data  is  clipped  at  high  loss  end) 

FACT  PL9D 

110 

18.5 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
over  which  detection  is  possible. 
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(U)  Figure  IIA-1.  SUDS  Sound  Speed  Profile 


(C)  Figure  IIA-7.  SUDS  Data,  Frequency  = 1.0  Kilohertz,  Source  Depth 

42  Meters,  Receiver  Depth  = 112  Meters 
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(C)  Figure  IIA-9.  SUDS  Data,  Frequency  = 1.5  Kilohertz,  Source  Depth 

41  Meters,  Receiver  Depth  = 59  Meters 


(C)  Figure  IIA-11.  SUDS  Data,  Frequency  = 2.5  Kilohertz,  Source  Depth 
■ 41  Meters,  Receiver  Depth  = 59  Meters 
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(C)  Figure  IIA-17.  FACT  Semi-coherent,  Frequency  = 0.4  Kilohertz,  Source 

Depth  = 45  Meters,  Receiver  Depth  = 17  Meters  Subtracted 
from  SUDS  Data,  Frequency  = 0.4  Kilohertz,  Source  Depth 
45  Meters,  Receiver  Depth  = 17  Meters 


(C)  Figure  IIA-21.  FACT  Semi -coherent.  Frequency  = 1.0  Kilohertz,  Source 

Depth  = 42  Meters,  Receiver  Depth  = 43  Meters  Sub- 
tracted from  SUDS  Data,  Frequency  = 1.0  Kilohertz, 
Source  Depth  = 42  Meters,  Receiver  Depth  = 43  Meters 


(C)  Figure  IIA-23.  FACT  Serai -coherent,  Frequency  = 1.0  Kilohertz,  Sourc 

Depth  = 42  Meters,  Receiver  Depth  = 112  Meters  Sub- 
tracted from  SUDS  Data,  Frequency  =1.0  Kilohertz, 
Source  Depth  = 42  Meters,  Receiver  Depth  = 112  Meters 
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(C)  Figure  IIA-27.  FACT  Semi-coherent,  Frequency  = 1.5  Kilohertz,  Source 

Depth  = 41  Meters,  Receiver  Depth  = 59  Meters 
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(C>  Figure  IIA-37.  FACT  Semi -coherent,  Frequency  = 5.0  Kilohertz,  Source 

Depth  = 42  Meters,  Receiver  Depth  = 17  Meters  Sub- 
tracted from  SUDS  Data,  Frequency  = 5.0  Kilohertz, 
Source  Depth  = 42  Meters,  Receiver  Depth  = 17  Meters 


RANGE  (KM) 


ID 


8 


3 

O 

CO 


p 

< 

HH 

E-t 

55 

W 


p 


fa 

55 

O 

o 


3 £ 

a s 
© +■» 
A QJ 

as 

« s 

o 

>n  H 


>.  ft 

O 0> 

3 P 
a>  ' 

pi,  a; 

cr1  r 

?)  .5 

t-l  Q1 

fa  a 
a) 

g - 
2 £ 
® v 

rC  -M 

O D 

0 *s 

1 25 

•3  <m 
E th 
0) 

CO  II 
H £ 

o & 

<2  QJ 

fa  p 


00 

CO 


I 


< 


0) 

P-4 

5 

E 

/•S 

o 


FIDENTIAL 


■wV 


3 


$ 


s 

si 


»v 

i .Tf 


f3 


••/  ,, 
c<- 

l.\j 


?v 

£ 


•3 


PWl 


CONFIDENTIAL 


W.'J'. 


a 


a. 

a> 

a 

V 


3 

o 

w 

N 

<U 

Xl 

o 


m 0) 

o 

E2 

II  ^ 
>>" 

2 * 
c t; 
<u  a 
3 aj 
crQ 
o>  , 

£ s» 

j-6 

gs 

S ps 

a; 

§ 2 
U a) 
, +J 

Eh  Q) 
OS 
<5  (M 

Ph  •<* 


<n 

•*r 


v 

u 

g) 

E 


o 


IPkPMTI  A 


1 

8 

8 


H 


t aa ) 


SSOl  NO  1 1 V9 VdOdd 


S 


I 


1 


& 

$ 

1 

3 


i 


A-63 


CONFIDENTIAL 


i 

I 

i 

I 

I 

I 


1 


( 8Q  ) SS01  NOUVOVdOdd 


A-65 


CONFIDENTIAL 


(C)  Figure  IIA-49.  FACT  Coherent,  Frequency  = 3.5  Kilohertz,  Source  Depth 

45  Meters,  Receiver  Depth  = 112  Meters 
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, Receiver  Depth  = 112  Meters 


41  Meters,  Receiver  Depth  = 59  Meters 
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(C)  Figure  IIA-63.  FACT  Incoherent,  Frequency  = 5.0  Kilohertz,  Source  Depth 

42  Meters,  Receiver  Depth  = 112  Meters 


\ * 


v;  ^ 


V'.V.Tr.  ♦ . v\.  . .«  .»!  \*  w/  ' v * > \\  » > - > * 


CONFIDENTIAL 


THIS 

PAGE 

INTENTIONALLY 

LEFT 

BLANK 


CONFIDENTIAL 


' i’V*,'' 


v\vk'X’> \v •_.  v v*v •_>  *>  v 


■»•  v v ■ 


'.'  •-■  '.»  v 7. 


CONFIDENTIAL 

Appendix  113.  Accuracy  Assessment  of  FACT  PL9D  Compared 
to  HAYS-MURPHY  Mediterranean  Experimental  Data  (II) 


HAYS-MURPHY  (U) 

Environment  (U) 

(C)  The  Hays-Murphy  data  used  here  were 
collected  In  the  Algier s-Provencal  Basin 
of  the  Mediterranean  Sea  over  a distance 
of  200  km  of  what  is  termed  the  St. 

Margarets  run  (Martin,  1981).  The  St. 

Margarets  run  was  much  longer  but  the 

flat  bottom  assumption  of  range  inde- 
pendent propagation  loss  models  was  vio- 
lated past  200  km.  The  sound  speed  pro- 
file is  plotted  in  Figure  IIB1.  The  pro- 
file is  essentially  bilinear  with  the 
minimum  at  61  ra.  The  critical  depth  is 
1894  m indicating  a depth  excess  of  ap- 
proximately 850  m. 

(C)  Two  sets  of  bottom  loss  tables  were 
used  as  input  to  the  FACT  PL9D  model. 

The  first  is  FACT'S  internal  FNOC/NOO 
bottom  loss  found  in  subroutine  BTMLOS 
and,  in  the  six  cases  examined,  an  FNOC 
Type  3 bottom  was  found  to  pertain  at 
the  site  of  the  receiver.  The  second  set 
of  bottom  loss  curves  are  the  MGS  curves 
found  in  Subroutine  MGSBL  in  the  RAYMODE 
X model,  and  for  the  Hays-Murphy  cases, 
MGS  Bottom  Type  2 was  used.  These  curves 
were  input  into  FACT  PL9D  from  an  exter- 
nal table.  The  six  cases  of  Hays-Murphy 
acoustic  data  cover  four  frequencies: 
35,  67.5,  100,  and  200  Hz.  For  the  low- 
est three  frequencies,  a single  bottom 
loss  curve  is  found  from  each  of  the  MGS 
and  the  FNOC  sets  of  curves.  The  FNOC 
curve  for  150  Hz  and  less  is  listed  in 
Table  1 1 B 1 ; the  MGS  curve  for  100  Hz  and 
less  is  given  in  Table  IIB3.  The  FNOC 
curve  has  a critical  angle  of  12°,  1 dB 
loss  at  15°  and  10  dB  at  normal  inci- 
dence. In  comparison,  the  RAYMODE  based 
curve  has  a critical  angle  of  9 degrees, 
1.6  dB  loss  at  15  degrees  and  8 dB  loss 
as  normal  incidence.  The  bottom  loss 
curves  for  200  Hz  are  given  in  Tables 
IIB2  and  IIB4  for  FACT  and  RAYMODE, 


respectively.  From  FACT,  the  bottom  loss 
has  a constant  value  of  3 dB  at  14 
degrees, 3.3  dB  loss  at  15  degrees,  and 
11  dB  loss  at  normal  incidence.  From 
RAYMODE,  the  loss  is  1.1  dB  at  0 
degrees,  2.7  dB  at  15  degrees,  and 
8.3  dB  at  normal  incidence. 

Test  Cases  (U) 


(C)  Six  test  cases  were  chosen  for  ex- 
perimental data/raodel  comparison: 


Case 

Source 

Recel var 

Freq  uency 

Depth 

Depth 

(Hz) 

1 

24.4m 

(80 

ft) 

137.2m 

(4  50 

ft) 

35.0 

1 1 

24.4m 

(80 

ft) 

1 37.2m 

(450 

ft) 

67.5 

1 1 1 

24.4m 

(80 

ft) 

137.2m 

(4  50 

ft) 

100.0 

IV 

24.4m 

(80 

ft) 

1 37.2m 

(450 

ft) 

200.0 

V 

24,4m 

(80 

ft) 

106.7m 

(350 

ft) 

35.0 

VI 

2 5.5m 

(80 

ft) 

106.7m 

(350 

ft) 

100.0 
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(C)  The  experimental  data  for  the  six 
cases  is  given  in  Figures  IIB2-IIB7.  The 
experimental  data  for  these  cases  show  a 
frequency  dependence  whereby  in  going 
from  67.5  to  100  to  200  Hz  the  propaga- 
tion loss  increases  by  approximately  6 
dB.  There  does  not  seem  to  be  a signif- 
icant frequency  dependence  in  going  from 
35  to  67.5  Hz.  In  comparing  Cases  I with 
V and  case  III  with  VI  there  is  not  a 
significant  receiver  depth  dependence 
over  the  30.5  m depth  difference.  In  all 
cases  the  data  is  free  of  convergence 
zone  structure  but  shows  fluctuations  of 
4-5  dB  in  the  first  100  km  modulating  an 
overall  decrease  of  about  10  dB  and  2-5 
dB  fluctuations  modulating  an  overall 
decrease  of  2-5  dB  in  the  second  100  km. 
The  Hays-Murphy  data  results  from  1/3- 
octave  analysis  of  explosive  detona- 
tions. The  frequencies  given  are  the 
geometric  mean  frequencies  of  the  1/3- 
octave  bands. 
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Accuracy  As5es$ment  Results  (U) 

(C)  FACT  PL9D  results  for  the  coherent 
option  show  a Lloyd  Mirror  interference 
effect  to  about  20  km  at  35  Hz  and 
interference  with  40  km  periodicity  to 
160  km  at  200  Hz.  Overall,  the  span  of 
values  covered  in  ea>  100  km  interval 
is  similar  to  that  of  the  experimental 
data.  The  semi-coherent  FACT  results  are 
somewhat  smoother  but  reveal  the  same 
basic  pattern.  In  the  incoherent  results 
the  Lloyd  Mirror  pattern  is  suppressed 
but  the  longer  periodicity  (approximate- 
ly 40  km)  is  still  present  and  in  the 
context  of  this  data  represents  downward 
steps  of  5-12  dB  for  the  first  step  and 
3-10  dB  for  the  second,  the  largest 
steps  at  200  Hz  and  the  smallest  at  35 
Hz.  The  overall  trend,  however,  remains 
a 10  dB  decrease  in  the  first  100  km  and 
a 2-5  dB  decrease  in  the  second  100  km 
Interval . 

(C)  The  accuracy  assessment  procedures 
applied  to  the  FACT  outputs  and  the  ex- 
perimental data  are  described  in  section 
1.1  of  this  volume  and  in  greater  detail 
in  section  5 of  Volume  I of  this  series. 
For  these  cases,  no  significant  propaga- 
tion loss  features  are  evident  in  the 
experimental  data  and  for  calculation  of 
statistics  of  differences  from  model 
results,  arbitrary  intervals  of  0-25  km, 
25-50  km,  and  50-200  km  were  selected. 
The  means  and  standard  deviations  of 
differences  between  Hays-Murphy  experi- 
mental data  and  FACT  PLSD  model  outputs 
are  found  in  Tables  IIB5a-c  for  the 
coherent,  semi-coherent , and  incoherent 
results,  respectively  where  the  FN0C 
bottom  loss  was  used.  Similar  results  in 
which  FACT  PL9D  used  the  MGS  bottom  loss 
are  given  in  Table  IlB6a-c.  The  follow- 
ing figures  were  produced  for  each  case: 

(1)  FACT  PL9D  using  the  coherent  option, 

(2)  chis  coherent  result  smoothed  by  a 
running  average  of  3 points  (i.e.,  a 2 
km  window),  (3)  the  smoothed  coherent 
result  subtracted  from  Hays-Murphy 
exper Jmental  data,  (4)  FACT  PL9D  output 
usinn  the  semi-cohereut  option,  (5)  the 
semi— coherent  result  subtracted  from 


Hays-Murphy  data,  (6)  FACT  PL9D  output 
using  the  incoherent  option,  and  (7)  the 
incoherent  result  subtracted  from  Hays- 
Murphy  data.  These  seven  curves  are 
given  first  for  all  cases  where  FACT 
PL9D  was  run  with  its  own  internal  bot- 


tom  los  8 and 

then  for 

FACT 

PL9D  run 

using  the  MGS 

bottom  loss  curves  from 

RAYMODE 

X.  The  plots 

are 

given  as 

follows : 

Casa 

FACT  (1 

.et,  FN0C) 

RAYMODE  (I.e.,  MGS) 

Bottom 

Bottom 

1 

Figure 

1 IB8-I  181  4 

Figure 

1 IB50-I IB56 

1 1 

Figure 

1 IB1  5-1 IB21 

Figure 

1 IB57-I IB63 

ill 

Figure 

1 :B22-I  IB28 

Figure 

1 IB64-I  IB70 

IV 

Figure 

1 IB29-I IB35 

Figure 

1 IB71-I  IB77 

V 

Figure 

1 1636-1 IB42 

Figure 

1 IB78-I IB84 

VI 

Figure 

1 1 B4  3—  1 IB49 

Figure 

1 1 88 5-1  IB91 
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(C)  In  examining  the  means  and  standard 
deviations  of  the  difference  between 
Hays-Murphy  data  and  FACT  PL9D  outputs, 
the  following  conclusions  may  be  drawn: 

(1)  In  all  cases  the  model  exhibits 
greater  loss  than  dees  the  experimental 
data  (indicating  that  the  model  predic- 
tion is  overly  pessimistic).  Bottom 
parameter  measurements  near  the  site 
(DiNapoli  et  al.,  1972),  when  converted 
to  bottom  loss  via  a Rayleigh  model 
which  includes  attenuation  in  the  bot- 
tom, result  in  a bottom  loss  curve  with 
a critical  angle  of  20°  and  a normal  in- 
cidence loss  of  5.9  dB.  This  Is  clearly 
lower  the”  either  the  FACT  or  RAYMODE 
loss  and  uld  likely  eliminate  much  of 
the  off.  within  the  first  region 
(I.e.,  to  25  km) . 

(2)  In  the  0 to  2 5 km  interval  the 
standard  deviations  range  from  4.0  to 
6.3  dB  for  coherent  predictions,  4.0  to 
7.9  dB  for  semi-coherent  results,  and 
1.6  to  2.3  dB  for  incoherent  results. 
The  low  standard  deviation  of  differ- 
ences fo;‘.‘  the  incoherent  results  is  due 
to  their  lack  of  Lloyd  Mirror  interfer- 
ence, a lack  ai.."'  noted  in  the  Hays- 
Murphy  data. 
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(3)  Aside  from  the  first  interval, 
standard  deviations  of  differences  are 
in  the  1-3  dB  range* 

(4)  There  is  no  significant  difference 
between  use  of  the  FACT  bottom  loss  or 
RAYMODE  bottom  loss. 

(5)  The  agreement  between  model  results 
and  Hays-Murphy  data  is  best  at  200  Hz 
and  significantly  better  than  results 
for  the  other  three  frequencies.  We  re- 
call that  the  three  lower  frequencies 
all  used  the  same  bottom  loss  table  and 
that  the  difference  in  bottom  loss  pro- 
bably accounts  for  the  improved  result 
at  200  Hz. 

Mote:  This  applies  only  to  the  first 

bottom  bounce  region  (i.e.,  to  2 5 km) 
beyond  which  bottom  bounce  is  not  a 
significant  contributor. 

(C)  The  figure  of  merit  (FOM)  vs.  detec- 
tion range  analysis  for  the  six  Hays- 
Murphy  cases  are  given  in  Table  1IB7 
when  FACT  uses  its  own  bottom  loss  and 
Table  IIB8  when  FACT  used  RAYMODE's  bot- 
tom loss.  For  an  FOM  of  75  dB,  the  FACT 
PL9D  model  consistently  predicts  maximum 
detection  ranges  of  1-2  km,  regardless 
of  coherence  option.  The  Hays-Murphy 
data,  however,  show  continuous  coverage 
to  ranges  between  17  and  42  km  and  par- 
tial coverage  to  between  37.5  and  47  km 
where,  in  most  cases,  the  coverage  is 
zonal  with  coverage  between  10  and  90% 
depending  on  the  case  under  examination. 
For  an  FOM  of  80  dB,  the  range  of  con- 
tinuous coverage  for  the  Hays-Murphy 
data  was  between  42  and  55  km.  The  cor- 
responding range  for  FACT  was  1.5  to 
20  km.  The  partial  coverage  ranges  for 
Hays-Murphy  data  varied  from  52-115  km 
compared  to  24-47.5  km  for  FACT.  For  an 
FOM  of  85  dB,  Hays-Murphy  continuous 
coverage  ranges  from  54  to  >200  km;  cor- 
responding values  for  FACT  were  1.5  to 
47.5  km.  Partial  coverage  for  Hays- 
Murphy  data  ranged  from  127  to  >200  km, 
whereas  for  FACT  vhe  range  of  values  was 
49  to  81.5  km.  For  an  FOM  of  90  dB, 
Hays-Murphy  data  indicates  continuous 
detection  coverage  over  the  entire  200 


km  interval  in  all  cases.  In  contrast, 
FACT  predicted  continuous  coverage 
ranges  from  2 to  >200  km  and  partial 
coverage  from  121  to  >200  kra.  For  per- 
centages associated  with  the  partial 
coverages  at  the  various  FOMs  and  for 
greater  detail  on  a case-by-case  basis, 
the  reader  is  referred  to  Tables  IIB7 
and  IIB8. 

(C)  General  conclusions  based  on  compar- 
ison of  FACT  PL9D  outputs  with  Hays- 
Murphy  experimental  data  follow: 

(1)  Significant  differences  in  mean 
levels  were  primarily  responsible  for 
pessimistic  detection  range  predictions 
by  the  model.  These  differences  appear 
to  be  attributable  to  the  bottom  loss 
inputs  within  the  first  25  km.  Beyond 
this  range  differences  are  as  great  and 
unexplained,  but  bottom  loss  is  not  a 
factor.  It  is  to  be  noted  that  for  this 
scenario,  FACT  and  RAYMODE  bottom  loss 
inputs  lad  to  essentially  the  same 
results . 

(2)  Large  differences  in  the  first  25  km 
were  caused  by  semi-coherent  and  coher- 
ent predictions  of  Lloyd  Mirror  inter- 
ference patterns  absent  in  the  Hays- 
Murphy  data  (possibly  due  to  the  broad- 
band (i.e.,  one-third  octave)  analysis 
of  same).  Once  again,  this  disparity  is 
not  felt  to  represent  an  error  in  the 
model . 
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(U)  Table  IIB-1.  Bottom  Loss  in  -:S  Versus  Grazing  Angle  in  Degrees.  !p  S 

FNOC  Bottom  Type  3 ? ^queney  < 150  Hertz,  'O  J 


(U)  Table  IIE-2.  Bottom  Loss  in  dB  Versus  Grazing  Angle  in  Degrees. 
FNOC  Bottom  Type  3.  Frequency  = 200  Hertz. 


0 

BL 

0 

3.0 

13 

3.0 

20 

5.3 

35 

8.7 

45 

10.3 

53 

11.0 

90 

11.0 
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(U)  Table  IIB-4.  Bottom  Loss  in  dB  Versus  Grazing  Angle  in  Degrees 
MGS  Bottom  Type  2.  Frequency  = 200  Hertz. 


BL 

0 

BL 

0 

BL 

0 

BL 

0 

BL 

e 

BL 

1.08 

15 

2.88 

30 

5.51 

45 

7.16 

60 

8.08 

75 

8.43 

1.12 

16 

3.09 

31 

5.65 

46 

7.24 

61 

8.12 

76 

8.43 

1.15 

17 

3.30 

32 

5.78 

47 

7.32 

62 

8.16 

77 

8.43 

1.19 

18 

3.50 

33 

5.91 

48 

7.40 

63 

8.19 

78 

8.43 

1.22 

19 

3.69 

34 

6.03 

49 

7.47 

64 

8.22 

79 

8.43 

1.26 

20 

3.88 

35 

6.15 

50 

7.54 

65 

8.25 

80 

8.43 

1.29 

21 

4.07 

36 

6.27 

51 

7.61 

66 

8.28 

81 

8.42 

1.32 

22 

4.25 

37 

6.38 

52 

7.67 

67 

8.31 

82 

8.41 

1.35 

23 

4.42 

38 

6.49 

53 

7.73 

68 

8.33 

83 

8.40 

1.48 

24 

4.59 

39 

6.60 

54 

7.79 

69 

8.35 

84 

8.39 

1.73 

25 

4.76 

40 

6. 70 

55 

7.84 

70 

8.37 

85 

3.38 

1.97 

26 

4.92 

41 

6.80 

56 

7.90 

71 

8.38 

86 

8.36 

2.21 

27 

5.07 

42 

6.90 

57 

7.95 

72 

8.40 

87 

8.34 

2.44 

28 

5.22 

43 

6.99 

58 

7.99 

73 

8.41 

88 

8.32 

2.66 

29 

5.37 

44 

7.08 

59 

8.04 

74 

8.42 

89 

8.30 

UNCLASSIFIED 
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(C)  Table  IIB-5b.  Means  (/*)  and  Standard  Deviations  (a)  in  dB  of 
Differences  Between  Hays-Murphy  Experimental  Data  and  FACT  PL9D 
Semicoherent  Model  Output.  Bottom  Loss  = FNOC  Type  3. 


Case 

Frequency 

(Hz) 

Source 
Depth  (ft) 

Receiver 
Depth  (ft) 

0-25  km 

25-50 

km 

50-200  km 

mm 

a 

a 

a 

I 

35.0 

80 

450 

-11.0 

5.5 

-6.7 

2.6 

-6.0 

1.8 

II 

67.5 

80 

450 

-9.9 

6.0 

-5.7 

-5.9 

1.3 

III 

100.0 

80 

450 

-9.2 

5.4 

-4.4 

3.2 

-4.3 

1.5 

IV 

200.0 

80 

450 

-5.9 

4.5 

-3.0 

2.4 

-2.9 

2.3 

V 

35.0 

80 

350 

-9.0 

-6.6 

1.6 

-5.3 

1.6 

VI 

100.0 

80 

350 

-8.1 

-3.5 

2.4 

-2.9 

m 
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(C)  Table  IIB-5c.  Means  (ft)  and  Standard  Deviations  (a)  in  dB  of 
Differences  Between  Hays-Murphy  Experimental  Data  and  FACT  PL9D 
Incoherent  Model  Output.  Bottom  Loss  = FNOC  Type  3. 


Case 

Frequency 

Source 

Receiver 

0-25  km 

25-50 

km 

50-20C 

) km 

(Hz) 

Depth  (re) 

Deptn  (ft) 

M 

a 

M 

a 

0 

I 

35.0 

80 

450 

-9.5 

2.2 

-7.0 

2.6 

-6.4 

1.8 

II 

67.5 

80 

450 

-8.8 

1.8 

-7.1 

1.8 

-7.1 

1.2 

III 

100.0 

80 

450 

-6.7 

2.3 

-4.6 

2.2 

-4.6 

1.5 

IV 

200.0 

80 

450 

-4.9 

1.8 

-2.1 

3.4 

-2.6 

2.4 

V 

35.0 

80 

350 

-7.9 

1.3 

-6.5 

1.7 

-6.0 

1.7 

VI 

100.0 
1 

80 

350 

-5.6 

2.2 

-3.5 

2.2 

-3.3 

1.7 
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IIB-6a.  Means  (ft)  and  Standard  Deviations  (a)  in  dB  of 
Differences  Between  Hays-Murphy  Experimental  Data  and  FACT  PL9D 
Coherent  Model  Output.  Bottom  Loss  = MGS  Type  2. 


Case  Frequency  Source  Receiver 

(Hz)  Depth  (ft)  Depth  (ft) 

I 

35.0 

80 

450  1 

II 

67.5 

60 

450 

III 

100.0 

80 

450 

IV 

200.0 

80 

450 

V 

35.0 

80 

350 

VI 

1 

100.0 

80 

350 

0-25  km 


-10.7  4.0 

-11.7  5.5 


-10.0  4.9 
-5.4  4.1 


-8.'<  5.6 

-8.6  4.5 


25-50 

km 

1 50-200  km 

M 

a 

M 

O 

-7.0 

2.6 

-6.3 

1.8 

-6.4 

3.1 

-6.9 

1.3 

-4.4 

3.2 

-4.4 

1.5 

-2.3 

2.8 

-2.4 

2.2 

-7.1 

1.7 

-6.3 

1,7 

-3.9 

2.9 

-2.9 

1.7 

1*  Smo°thed  by  application  of  a 2 kilometer  window  moving  average. 
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(C)  Table  IIB-6b.  Means  (/Lt)  and  Standard  Deviations  (a)  in  dB  of 
Differences  Between  Hays -Murphy  Experimental  Data  and  FACT  PL9D 
Semicoherent  Model  Output.  Bottom  Loss  = MGS  Type  2. 


Case 

Frequency 

(Hz) 

Source 
Depth  (ft) 

Receiver 
Depth  (ft) 

0-25 

km 

25-50 

km 

50-20 

0 km 

M 

a 

M 

a 

M 

G 

I 

35.0 

80 

450 

-10.7 

5.1 

-6.9 

2.6 

-6.3 

1.8 

II 

67.5 

80 

450 

-9.6 

5.4 

-6.0 

2.9 

-6.9 

1.3 

III 

100.0 

80 

450 

-8.7 

5.1 

-4.5 

3.2 

-4.4 

1.5 

IV 

200.0 

80 

450 

-3.7 

4.0 

-1.9 

2.2 

-2.4 

2.1 

□ 

35.0 

80 

350 

-8.7 

7.2 

D 

D 

-6.3 

IB 

100.0 

80 

350 

5.8 

-2.9 

H 
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(C)  Table  IIB-6c.  Means  (ji)  and  Standard  Deviations  (a)  in  dB  of 
Differences  Between  Hays-Murphy  Experimental  Data  and  FACT  PL9D 
Incoherent  Model  Output.  Bottom  Loss  = MGS  Type  2. 


Case 

Frequency 

(Hz) 

Source 
Depth  (ft) 

Receiver 
Depth  (ft) 

0-25  km 

25-50 

km 

50-200 

km 

M 

a 

a 

M 

a 

I 

35.0 

80 

450 

-9.3 

2.3 

I 

2.6 

-6.8 

1.8 

II 

67.5 

80 

450 

-8.6 

1.7 

1 

1.7 

-7.6 

OW 

III 

100.0 

80 

450 

-6.5 

2.0 

-4.9 

2.2 

-5.0 

1.6 

IV 

200.0 

80 

450 

-3.0 

2.1 

-1.4 

3.0 

-2.2 

2.1 

V 

35.0 

80 

350 

-7.7 

1.6 

-6.7 

1.7 

-6.4 

1.8 

VI 

100.0 

80 

350 

-5-4 

2.0 

-3.7 

2.1 

-3.7 

1.8 
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(C)  Table  IIB-7a.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays -Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  I: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft.,  Frequency  = 35  Hz), 

Bottom  Loss:  FNOC  Type  3. 


Data  Set 

FOM 

He1 

Range  > R 

Hays-Mui  phy 

75 

25.5 

ZDC2  60%,  25.5-44  km 

FACT  Coherent 

75 

1.0 

FACT  Semicoherent 

75 

mm 

FACT  Incoherent 

75 

2.0 

Hays -Murphy 

80 

54.5 

ZDC  50%,  54.5-93  km 

FACT  Coherent 

80 

1.0 

ZDC  60%,  1-32  km 

FACT  Semicoherent 

80 

1.5 

ZDC  50%,  1.5-32  km 

FACT  Incoherent 

80 

21.0 

Hays -Murphy 

85 

130.5 

ZDC  50%,  130.5-172.5  km 

FACT  Coherent 

85 

2.0 

100%  coverage,  4-52  km 

FACT  Semicoherent 

85 

1.5 

ZDC  85%,  1.5-48  km 

FACT  Incoherent 

85 

47.5 

Hays -Murphy 

90 

> 200.0 

FACT  Coherent 

90 

160.5 

FACT  Semicoherent 

90 

162.0 

FACT  Incoherent 

90 

161.0 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-7b.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  II: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft.,  Frequency  = 67.5  Hz). 

Bottom  Loss:  FNOC  Type  3. 


Data  Set 

FOM 

Rc1 

Range  > Rc 

Hays-Murphy 

75 

42.5 

FACT  Coherent 

75 

1.5 

FACT  Semicoherent 

75 

1.5 

FACT  Incoherent 

75 

1 5 

Hays-Murphy 

80 

54.0 

ZDC2  50%,  54-113  km 

FACT  Coherent 

80 

2.0 

; 

ZDC  35%,  2-47  km 

FACT  Semicoherent 

80 

1 

j 1.5 

ZDC  40%,  1.5-47.5  km 

FACT  Incoherent 

80 

19.0 

1 

100%  coverage,  34.5-41.5  km 

Hays-Murphy 

85 

>200.0 

Except  for  a few  dropouts  of^  1 km 

FACT  Coherent 

85 

2.5 

ZDC  80%,  2.5-79  km 

FACT  Semicoherent 

85 

1.5 

ZDC  80%,  1.5-80.5  km 

FACT  Incoherent 

85 

47.5 

100%  coverage,  66.5-80  km 

Hays-Murphy 

^ 90 

>200.0 

FACT  Coherent 

90 

8.0 

100%  coverage  to  > 200  km  except  for  54- 
56  km 

FACT  Semicoherent 

90 

> 200.0 

FACT  Incoherent 

90 

123.0 

100%  coverage,  142-160  km 

(3 

£.1 


1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-7c.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

C se  III: 

(Source  Depth  = 80  ft.,  Receive  lepth  = 450  ft.,  Frequency  = 100  Hz) 

Bottom  Lost  : FNOC  Type  3. 


Data  Set 

FOM 

Rc1 

Range  > Rc 

Hays-Murphy 

75 

17.5 

ZDC2  60%,  17.5-42  km 

FACT  Coherent 

75 

1.0 

FACT  Semicoherent 

75 

1.5 

FACT  Incoherent 

75 

1.5 

Hays-Murphy 

80 

43.5 

ZDC  20%,  43.5-84  km 

FACT  Coherent 

80 

1.5 

zDU  5%,  1.5-25  km;  100%  coverage,  25- 
44.5  km 

FACT  Semicoherent 

80 

1.5 

ZDC  40%,  1.5-44  km 

FACT  Incoherent 

80 

14.0 

100%  coverage,  32-41.5  km 

Hays-Murphy 

85 

127.5 

ZDC  70%,  127.5-190  km 

FACT  Coherent 

85 

2.0 

ZDC  75%,  2-81.5  km 

FACT  Semicoherent 

85 

1.5 

ZDC  75%,  1.5-81  km 

FACT  Incoherent 

85 

47.5 

100%  coverage,  66.5-80  km 

Havs-Murphy 

90 

> 200.0 

FACT  Coherent 

90 

15.0 

100%  coverage  except  15-18,48-49,161.5- 
180  and  190-199  km 

FACT  Semicoherent 

90 

1.5 

100%  (except  three  1 km  dropouts)  to  162  km 
100%  coverage , 162-181  and  191-100  km 

FACT  Incoherent 

90 

123.5 

100%  coverage , 139  161.5  and  181-193.5 
km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-7d.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays -Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  IV: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft..  Frequency  = 200  H*). 

Bottom  Loss:  FNOC  Type  3. 


Data  Set 

Hays-Murphy 
FACT  Coherent 
FACT  Semiccherent 
FACT  Incoherent 
Hays-Murphy 
FACT  Coherent 
FACT  Semicoherent 
FACT  Incoherent 
Hays-Murphy 
FACT  Coherent 
FACT  Semicoherent 
FACT  Incoherent 

Hays-Murphy 

FACT  Coherent 
FACT  Semicoherent 
FACT  Incoherent 


FOM 

Ho1 

75 

21.5 

75 

' 1.5 

75 

i !-5 

75 

i.5 

80 

42.5 

80 

2.0 

80 

1.5 

80 

2.0 

85 

194.0 

85 

8.0 

85 

2.0 

85 

47.5 

90 

>200.0 

90 

44.0 

90 

2.0 

90 

48.0 

Range  R 


ZDC4  90%,  21.5  37.5  km 


ZDC  50%,  42.5-95  km 
100%  coverage,  32-39  km 
ZDC  10%,  1.5-39  km 
100%  coverage,  32.5-40.5  km 

ZDC  50%,  8-77  km 
ZDC  50%,  2-78  km 
100%  coverage,  68-76.5  km 


100%  coverage,  49-5 
119.5  km 

ZDC  75%,  2-121  km 
io0%  coverage,  57-6 
148  km 


1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-7e.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays -Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  V : 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 350  ft.,  Frequency  = 35  Hz). 

Bottom  Loss:  FNOC  Type  3. 


Data  Set 

FOM 

RcX 

Range  > Rq 

Hays-Murphy 

75 

25.5 

ZDC2  50%,  25.5-47  km 

FACT  Coherent 

75 

1.5 

FACT  Semicoherent 

75 

1.5 

FACT  Incoherent 

75 

2.0 

Hays-Murphy 

80 

55.0 

ZDC  40%,  55-93  km 

FACT  Coherent 

80 

2.0 

ZDC  40%,  2-39  km 

FACT  Semicoherent 

80 

1.5 

ZDC  50%,  1.5-39  km 

FACT  Incoherent 

80 

20.0 

Hays-Murphy 

85 

118.0 

ZDC  50%,  118-188  km 

FACT  Coherent 

85 

2.0 

ZDC  95%,  2-78.5  km 

FACT  Semicoherent 

85 

l.j 

ZDC  40%,  1.5-12  km;  100%  coverage,  12- 
81  km 

FACT  Incoherent 

85 

48.0 

Hays-Murphy 

90 

> 200.0 

FACT  Coherent 

90 

132.5 

100%  coverage,  143-157.5  km 

FACT  Semicoherent 

90 

2.0 

100%  coverage,  135-142  and  160->200  km 

FACT  Incoherent 

90 

123.5 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-7f.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  VI: 

(Source  Depth  = 80  ft. , Receiver  Depth  = 350  ft. , Frequency  = 100  Hz)  . 

Bottom  Loss:  FNOC  Type  3. 


Data  Set 

FOM 

Rc1 

Range  > Rq 

Hays-Murphy 

75 

17.0 

ZDC2  10%,  17-41  km 

FACT  Coherent 

75 

1.5 

FACT  Semicoherent 

75 

1.5 

FACT  Incoherent 

75 

1.5 

Hays-Murphy 

80 

42.0 

ZDC  10%,  42-52  km 

FACT  Coherent 

80 

2.0 

ZDC  50%,  2-42  km 

FACT  Semicoherent 

80 

1.5  1 

ZDC  50%,  1.5-42.5  km 

FACT  Incoherent 

80 

17.5  ! 

100%  coverage,  27-41.5  km 

Hays-Murphy 

85 

54.0 

ZDC  90%,  52-127  km 

FACT  Coherent 

85 

3.0 

ZDC  70%,  3-80.5  km 

FACT  Semicoherent 

85 

■a 

ZDC  80%,  1.5-81  km 

FACT  Incoherent 

85 

, 

48.0  j 

100%  coverage,  62-81  km 

Hays-Murphy 

90 

> 200.0 

FACT  Coherent 

90 

15.5 

100%  coverage,  17-46  and  48-163  km 

FACT  Semicoherent 

90 

162.0 

FACT  Incoherent 

90 

123.5 

100%  coverage,  133.5-161.5  and  181-193  km 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  - Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-8a.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

CASE  I: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft.,  Frequency  = 35  Hz). 

Bottom  Loss:  MGS  Type  2. 


Data  Set 

FOM 

R 1 
c 

Range  > RQ 

Hays-Murphy 

75 

25.5 

ZDC2  60%,  25.5-44  km 

FACT  Coherent 

75 

1.5 

1 

FACT  Semicoherent 

75 

1.5 

FACT  Incoherent 

75 

2.0 

Hays-Murphy 

80 

54.5 

ZDC  50%,  54.5-93  km 

FACT  Coherent 

80 

1.5 

ZDC  40%,  1.5-32  km 

FACT  Semicoherent 

80 

1.5 

ZDC  50%,  1.5-32  km 

FACT  Incoherent 

80 

12.0 

Hays-Murphy 

85 

130.5 

ZDC  50%,  130.5-172.5  km 

FACT  Coherent 

85 

2.0 

FACT  Semicoherent 

85 

1.5 

100%  coverage,  4-52  km 

FACT  Incoherent 

85 

1.5 

ZDC  85%,  1.5-48  km 

Hays-Murphy 

90 

> 200.0 

FACT  Coherent 

90 

160.5 

FACT  Semicoherent 

90 

161.0 

FACT  Incoherent 

90 

122.5 

1.  R,  = Range  to  which  detection  coverage  is  continuous. 

L 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-8b.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  of  Hays-Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  II: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft.,  Frequency  = 67.5  Hz). 

Bottom  Loss:  MGS  Type  2. 


Data  Set 

FOM 

Kc1 

Range  > Rq 

Hays-Murphy 

75 

42.5 

FACT  Coherent 

75 

1.5 

FACT  Semicoherent 

75 

■a 

FACT  Incoherent 

75 

1.5 

Hays-Murphy 

80 

54.0 

ZDC^  50%,  54-113  km 

FACT  Coherent 

80 

2.0 

i 

ZDC  35%,  2-46.5  km 

FACT  Semicoherent 

80 

■a 

ZDC  30%,  1.5-47.5  km 

FACT  Incoherent 

80 

[ 

13.0 

100%  coverage,  34.5-41.5  km 

Hays-Murphy 

85 

> 200.0  I 

1 | 

Except  for  a few  dropouts  of  < 1 km. 

FACT  Coherent 

85 

2.5  ; 

i ! 

ZDC  80%,  2.5-79  km 

FACT  Semicoherent 

85 

! 

1.5  i 

f 

ZDC  80%,  1.5-80.5  km 

FACT  Incoherent 

85 

47.5 

i.  ■■  ■.-■  

100%  coverage,  66.5-80  km 

Hays-Murphy 

90 

>200.0 

FACT  Coherent 

90 

8.5 

100%  coverage  to  186.5  km  except  for  54- 
56  & 141.5-161.5  km 

FACT  Semicoherent 

90 

162.0 

100%  coverage,  186-193.5  km 

FACT  Incoherent 

90 

123.0 
i 

100%  coverage,  142-160  km 

L. 

1.  Rc  - Range  to  which  detection  coverage  is  continuous. 


2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-8c.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  III: 

( Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft.,  Frequency  = 100  Hz). 

Bottom  Loss:  MGS  Type  2. 


Data  Set 

FOM 

Rc 

Hays-Murphy 

75 

17.5 

FACT  Coherent 

75 

1.5 

FACT  Semicoherent 

75 

1 

1.5 

FACT  Incoherent 

75 

1.5 

Hays-Murphy 

80 

43.5 

FACT  Coherent 

80 

1.5 

FACT  Semicoherent 

80 

1.5 

FACT  Incoherent 

80 

14.0 

Hays-Murphy 

85 

127.5 

FACT  Coherent 

85 

3.0 

FACT  Semicoherent 

85 

1.5 

FACT  Incoherent 

85 

47.5 

Hays-Murphy 

90 

> 200.0 

FACT  Coherent 

90 

15.0 

FACT  Semicoherent 

90 

1.5 

FACT  Incoherent 

90 

123.5 

Range  > R 


ZDC*  60%,  17.5-42  km 


ZDC  20%,  43.5-84  km 
ZDC  50%,  1.5-44.5  km 
ZDC  40%,  1.5-44  km 
100%  coverage,  32-41.5  km 
ZDC  70%,  127.5-190  km 
ZDC  70%,  3-80.5  km 
ZDC  75%,  1.5-81  km 
100%  coverage,  66.5-80  km 


100%  coverage  except  I5-1&,  48-49,  123-  ™ 

127.5,  161.5-181,  189- >200  km 

100%  coverage  (except  three  1-km  dropouts)  to 
123.5  km;  100%  coverage  162-181  & 19L- 200km 

100%  coverage,  139-161.5  and  181-193.5  km 


1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIB-8d.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays -Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  IV : 

(Source  Depth  = 80  ft. , Receiver  Depth  = 450  ft. , Frequency  = 100  Hz). 

Bottom  Loss:  MGS  Type  2 


Data  Set 

FOM 

Ro1 

Range  >Rc 

Hays -Murphy 

75 

21.5 

ZDC2  90%,  21.5-37.5  km 

FACT  Coherent 

75 

— m 

FACT  Semicoherent 

75 

H 

FACT  Incoherent 

75 

1.5 

Hays -Murphy 

80 

42.5 

- ! 

ZDC  50%,  42.5-95  km 

FACT  Coherent 

80 

2.5 

100%  coverage,  4-8  and  32-39.5  km 

FACT  Semicoherent 

80 

2.0 

ZDC  40%,  2-40  km 

FACT  Incoherent 

80 

10.5 

100%  coverage,  32.5-40.5  km 

Hays -Murphy 

85 

194.0 

FACT  Coherent 

85 

9.0 

ZDC  50%,  9-78.5  km 

FACT  Semicoherent 

85 

2.0 

ZDC  50%,  2-78  km 

FACT  Incoherent 

85 

47.5 

100%  coverage,  66-79  km 

Hays-Murphy 

90 

>200.0 

— ■ "■  

FACT  Coherent 

90 

44.5 

100% coverage  47-53.5,  57-81  and  95-121  km 

FACT  Semicoherent 

90 

82.0 

100%  coverage,  97-121  km 

FACT  Incoherent 

90 

1 

48.0 

100%  coverage , 52-81.5,  91-121  & 133-146  km 

II 

1 

i 

s 


1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Table  lIB-8e.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  V: 

(Source  Depth  = 80  ft. , Receiver  Depth  = 350  ft. , Frequency  = 35  Hz). 

Bottom  Loss:  MGS  Type  2 


Data  Set 

FOM 

D 

Range  >Rc 

Hays-Murphy 

75 

25.5 

ZDC2  50%,  25.5-47  km 

FACT  Coherent 

75  • 

2.0 

FACT  Semicoherent 

75 

2.0 

FACT  Incoherent 

75 

2.0 

Hays-Murphy 

80 

55.0 

ZDC  40%,  55-93  km 

FACT  Coherent 

80 

2.0 

ZDC  50%,  2-24  km 

FACT  Semicoherent 

80 

2.0 

ZDC  50%,  2-24  km 

FACT  Incoherent 

80 

11.0 

Hays-Murphy 

mm 

118.0 

ZDC  50%,  118-188  km 

FACT  Coherent 

85 

2.0 

ZDC  95%,  2-49  km 

FACT  Semicoherent 

85 

MSM 

ZDC  90%,  2-50  km 

FACT  Incoherent 

85 

47.5 

Hays -Murphy 

90 

>200.0 

FACT  Coherent 

90 

2.5 

100%  coverage , 4- 122  km 

FACT  Semicoherent 

90 

122.5 

FACT  Incoherent 

90 

122.5 

1.  R = Range  to  which  detection  coverage  is  continuous. 

V 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible 
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(C)  Table  IIB-8f.  Detection  Range  in  Kilometers  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy  Mediterranean 
Experimental  Data  and  FACT  PL9D  Model  Predictions 

Case  VI: 

(Source  Depth  = 80  ft. , Receiver  Depth  = 350  ft. , Frequency  = 100  Hz). 

Bottom  Loss:  MGS  Type  2 


Data  Set 

FOM 

Rc1 

Range  >R 

V 

Hays-Murphy 

75 

m 

ZDC2  10%,  17-41  km 

FACT  Coherent 

75 

1.5 

FACT  Semicoherent 

75 

5Klill 

FACT  Incoherent 

75 

mw* 

Hays-Murphy 

80 

42.0 

ZDC  10%,  42-52  km 

FACT  Coherent 

80 

2.0 

ZDC  50%,  2-42  km 

FACT  Semicoherent 

80 

— 

ZDC  75%,  2-12  km;  100%  coverage,  26. S- 
41.5  km 

FACT  Incoherent 

i 

80 

11.5 

100%  coverage,  34-41  km 

Hays-Murphy 

85 

54.0 

ZDC  90%,  52-127  km 

FACT  Coherent 

j 85 

6.5 

ZDC  70%,  6.5-80.5  km 

FACT  Semicoherent 

85 

— 1 

ZDC  70%,  1.5-80  km 

FACT  Incoherent 

85 

47.5 

100%  coverage,  69-80  km 

Hays-Murphy 

90 

>200.0 

FACT  Coherent 

90 

15.5 

100%  coverage,  17-46  and  48-163  km 

FACT  Semicoherent 

90 

162.5 

FACT  Incoherent 

90 

123.0 

100%  coverage,  139.5-161  km 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Figure  IIB-2.  Hays-Murphy  Data,  Case  I,  Source  Depth  = 80  Feet 

Receiver  Depth  = 450  Feet,  Frequency  = 35  Hertz 
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(C)  Figure  IIB-14.  FACT  (Incoherent)  Case  I,  Bottom  Loss  = FNOC  Type 

Frequency  = 35  Hertz,  Subtracted  from  Hays-Murphy 
Data,  Case  I,  Source  Depth  = 80  Feet,  Receiver  Depth 
450  Feet,  Frequency  = 35  Hertz 
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Frequency  = 67.5  Hertz,  Sliding  Averages  of  3 Points 
(2.00  Kilometer) 
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(C)  Figure  IIB-22.  FACT  (Coherent)  Case  III,  Bottom  Loss  = FNOC  Type  3, 

Frequency  = 100  Hertz 


( aa ) ssoi  Mouvovdodd 


(C)  Figure  IIB-23.  FACT  (Coherent)  Case  III,  Bottom  Loss  = FNOC  Type  3 

Frequency  = 100  Hertz,  Sliding  Averages  of  3 Points 
(2.00  Kilometer) 


(C)  Figure  IIB-26.  FACT  (Semi -coherent)  Case  III,  Bottom  Loss  = FNOC  Type  3, 

Frequency  = 100  Hertz,  Subtracted  from  Hays-Murphy  Data, 
Case  III , Source  Depth  = 80  Feet , Receiver  Depth  = 450  Feet , 
Frequency  = 100  Hertz 
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(C)  Figure  IIB-30.  FACT  (Coherent)  Case  IV,  Bottom  Loss  = FNOC  Type 

Frequency  = 200  Hertz , Sliding  Averages  of  3 Points 
(2.00  Kilometer) 
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(C)  Figure  IIB-46.  FACT  (Semi-coherent)  Case  VI,  Bottom  Loss  = FNOC 

Type  3,  Frequency  = 100  Hertz 
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(C)  Figure  IIB-50.  FACT  (Coherent)  Case  I,  Bottom  Loss  = MGS  Type  2, 

Frequency  = 35  Hertz 
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(C)  Figure  JIB-77.  FACT  (Incoherent)  Case  IV,  Bottom  Loss  = MGS  Type  2 

Frequency  = 200  Hertz,  Subtracted  from  Fays-Murphy 
Data,  Case  IV,  Source  Depth  = 80  Feet,  Receiver  Depth 
450  Feet,  Frequency  = 200  Hertz 
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Appendix.  IIC.  (U)  Accuracy  Assessment  of  FACT  PL90 
Compared  to  PARKA  Experimental  Data  


PARKA  (II) 

Environment  (U) 

(C)  The  sound  speed  profile  for  the 
PARKA  environment  Is  plotted  and  tabu- 
lated in  Figure  IIC1.  This  profile  ex- 
hibits a surface  duct  to  a depth  of  262 
ft  (80  m)  and  a deep  sound  channel  to  a 
depth  of  14,594  ft  (4448  m).  The  depth 
excess  is  3452  ft  (1052  m) . 

(C)  Two  sets  of  bottom  loss  tables  were 
used  as  input  to  the  FACT  PL9D  model. 
The  first  is  FACT'S  internal  FN0C/N00 
bottom  loss  found  in  subroutine  BTMLOS, 
and  in  the  two  cases  examined,  a type  3 
bottom  was  found  to  pertain  at  the  site 
of  the  receiver.  The  second  set  of 
curves  are  the  MGS  curves  found  in  sub- 
routine MGSBL  in  the  RAYMODE  X model  and 
here  a type  6 bottom  was  found  from  the 
bottom  loss  province  charts.  These  lat- 
ter curves  were  input  into  FACT  PL9D 
from  an  external  table  of  91  values.  The 
FN0C/N00  bottom  loss  curves  for  50  and 
400  Hz  are  found  in  Figures  IIC 2 and 
IIC3  and  Tables  IIC1  and  IIC2.  The  cor- 
responding MGS  curves  are  presented  in 
Figures  IIC4  and  IIC5  and  Tables  IIC3 
and  IIC4,  respectively.  At  50  Hz,  the 
FACT  internal  bottom  loss  has  a critical 
angle  of  12  degrees,  a 1 dB  loss  at  15 
degrees  and  10  dB  loss  at  normal  inci- 
dence. The  MGS  result  at  50  Hz  has  a 
critical  angle  of  9 degrees,  1.6  dB  loss 
at  15  degrees  and  8.1  dB  at  normal  inci- 
dence. At  400  Hz  the  FACT  internal  FNOC/ 
NOO  shows  a constant  3 dB  loss  to  14 
degrees,  3.3  dB  at  15  degrees  and  11  dB 
at  normal  Incidence.  MGS  results  for  400 
Hz  are  7.5  dB  loss  at  zero  degrees, 
11.3  dB  at  15  degrees,  and  15.9  dB  at 
normal  incidence. 

Tost  Cases  (U) 

(C)  Two  test  cases  were  chosen  for  the 
PARKA  environment: 


Case  I.  Source  Depth  « 500  ft  (152.4  m) , 
Receiver  Depth  ■ 300  ft  (91.4  m).  Fre- 
quency ■ 50  Hz . 

Case  II . Source  Depth  » 500  ft  (152.4 
m),  Receiver  Depth  ■ 300  ft  (91.4  m). 
Frequency  ■ 400  Hz. 

(C)  For  both  cases,  source  and  receiver 
are  below  the  surface  duct.  Due  to  the 
large  depth  excess,  convergence  zone 
(CZ)  propagation  is  exhibited  by  the 
PARKA  data  in  both  cases;  in  Case  I, 
three  convergence  zones  were  observed 
and  in  Case  II,  two  zones  were  observed 
(range  was  sufficient  for  a third  zone 
but  it  was  not  evident).  In  both  cases, 
the  flat  bottom  and  single  profile  as- 
sumptions inherent  in  the  FACT  PL9D 
model  held  to  a range  of  200  km.  The 
PARKA  experimental  data  for  these  cases 
are  found  in  Figures  IIC6  and  IIC7. 

Accuracy  Assessment  Results  (U) 

(U)  The  accuracy  assessment  procedures 
were  followed  as  outlined  in  section  1.1 
and  described  in  detail  in  Volume  I of 
this  series.  The  following  types  of  fig- 
ures were  produced  for  each  case:  (1) 
FACT  PL9D  output  using  the  coherent  op- 
tion, (2)  the  coherent  result  smoothed 
by  application  of  a 2 km  window  running 
average,  (3)  the  smoothed  coherent  re- 
sult subtracted  from  PARKA  data,  (4) 
FACT  PL9D  output  using  the  semi-coherent 
option,  (5)  the  semi-coherent  result 
subtracted  from  PARKA  data,  (6)  FACT 
PL9D  output  using  the  incoherent  option, 
and  (7)  the  incoherent  result  subtracted 
from  PARKA  data.  For  each  case  these 
seven  curves  are  given  first  for  FACT 
PL9D  run  with  its  own  internal  FN0C/N00 
bottom  loss  and  then  for  FACT  PL9D  run 
using  RAYMODE  X's  MGS  bottom  loss 
curves.  These  results  are  given  in  Fig- 
ures IIC8-IIC21  for  Case  I and  Figures 
IIC22-I IC35  for  Case  II. 
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(U)  The  means  and  standard  deviations  of 
difference  between  PARKA  data  and  FACT 
PL9D  model  outputs  (in  dB)  for  vfcich  the 
model  used  the  FNOC/NOO  bottom  loss  are 
given  in  Table  1XC5  for  Case  I and  Table 
IIC6  for  Case  II.  Corresponding  results 
in  which  MGS  bottom  loss  was  used  are 
given  in  Table  IIC7  and  IIC8.  Note  that 
a positive  mean  value  Indicates  that  the 
model  exhibits  less  loss  than  the  PARKA 
experimental  data  and  is  too  optimistic; 
conversely,  a negative  mean  value  indi- 
cates greater  loss  for  model  result  than 
for  the  experimental  data  and  the  model 
prediction  is  therefore  too  pessimistic. 
Optimistic  model  results  lead  to  predic- 
tion of  detection  ranges  which  are 
greater  than  should  be  predicted  (i.e., 
greater  than  the  experimental  results) 
and  vice  versa  for  pessimistic  predic- 
tion. 

(C)  The  following  observations  can  be 
made  with  regard  to  the  50  Hz  results 
(i.e.,  Case  I):  (1)  The  results  are 

somewhat  sensitive  to  the  coherence 
option  selected;  a slight  advantage  in 
mean  value  of  the  difference  between 
PARKA  data  and  the  FACT  output  is  gained 
by  avoiding  the  incoherent  option  in  the 
first  bottom  bounce  region,  but  this  is 
nullified  by  the  small  standard  devia- 
tion associated  with  the  incoherent  op- 
tion. Overall,  no  significant  advantage 
is  evident  with  regard  to  coherence  op- 
tion. (2)  The  FACT  and  RAYMODE  bottom 
3 os s options  do  not  lead  to  substantial- 
ly different  results.  Indeed,  bottom 
loss  options  account  for  differences 
between  0 and  1 dB  in  values  of  fi  and  <r. 
This  is  not  surprising,  since  the  two 
bottom  loss  tables  differ  by  zero  dB  to 
9 degrees  and  by  less  than  1 dB  per 
bounce  past  9 degrees.  (3)  Agreement  be- 
tween PARKA  data  and  FACT  PL9D  in  the 
first  convergence  zone  gives  n nearly 
equal  to  zero,  a ■ 1.6  , ir.  the  second 
CZ  fj.  nearly  equal  to  zero,  <r  - 3.7  dB, 
and  in  the  third  convergence  zone  n m 
-2.4  dB,  a m 4.6  dB  for  the  semi- 

coherent  option.  Thus,  we  see  a gradual 
lessening  of  the  agreement  with  range, 
as  one  would  expect.  (4)  In  the  bottom 
bounce  regions,  consistently  optimistic 


FACT  PL9D  model  predictions  are  ob- 
served; clearly,  the  bottom  loss  was  not 
great  enough  (i.e*,  a higher  bottom  type 
is  indicated  for  FNOC  area  charts  where- 
as for  MGS  only  one  bottom  loss  curve 
exists  at  50  hertz  regardless  of  bottom 
type  and,  therefore,  a basic  problem  is 
found  for  the  MGS  bottom  loss  data  base 
a lack  of  flexibility).  We  note  the  in- 
creasing discrepancy  between  experiment- 
al data  and  model  prediction  with  range 
as  Indicated  by  the  increase  of  fi  with 
range.  It  should  be  noted  that  the 
standard  deviation,  however,  reaches  a 
maximum  in  the  second  bottom  bounce 
region.  For  Case  II  (400  Hz)  the  means 
and  standard  deviations  of  the  differ- 
ence curves  (PARKA  experimental  data 
minus  FACT  PL9D  predictions)  found  in 
Tables  IIC6  and  IIC8  lead  to  the  follow- 
ing conclusions:  (1)  The  FACT  bottom 

loss  leads  to  better  agreement  with  the 
data  than  the  RAYMODE  bottom  loss  (Note: 
a conclusion  not  to  be  generalized).  (2) 
Through  the  second  CZ  (using  FACT'S  bot- 
tom loss)  the  predictions  are  consist- 
ently optimistic  by  1 to  3 dB  in  mean 
level.  (3)  The  large  standard  deviation 
in  the  region  from  127.5  to  200  km  is 
due  to  the  FACT  PL9D  prediction  of  a 
third  convergence  zone  which  was  not 
evident  in  the  PARKA  data.  (4)  The  dis- 
agreements in  the  first  CZ  are  due  to 
the  model  predicting  a broader  CZ. 

(C)  The  figure  of  merit  (F0M)  versus 
detection  range  analysis  for  the  two 
cases  are  given  in  Table  IIC9  and  IIC10, 
respectively,  for  the  FACT  PL9D  model 

using  the  internal  FN0C/N0O  bottom  loss. 
Corresponding  Tables  IIC11  and  IIC12 

apply  to  use  of  the  MGS  bottom  loss  in 
FACT  PL9D.  For  Case  I the  following 
results  are  observed  from  FACT  PL9D 

results  using  the  FNOC  bottom  loss:  (1) 
For  F0M  - 80  dB  both  the  experimental 
data  and  the  model  predict  a two-lobed 
first  convergence  zone,  the  detection 
ranges  of  which  agree  to  within  0.5  km. 
(2)  For  FOM  «*  85  dB,  start  and  end 
ranges  of  the  first  CZ  agree  to  within  1 
km  between  PARKA  data  and  FACT  PL9D;  for 
the  second  CZ,  PARKA  gives  a first  lobe 
and  FACT  PLSD  a second  lobe;  for  the 
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third  CZ,  PARKA  gives  a double-lobed  CZ 
while  FACT  PL9D  fails  to  predict  a CZ  at 
this  level.  The  PARKA  data  show  complete 
detection  coverage  to  11  km  and  60%  cov- 
erage to  23  km.  This  is  in  contrast  to 
the  FACT  PL9D  semi-coherent  prediction 
of  total  coverage  to  6.5  km,  40%  cover- 
age to  22.5  km  and  total  coverage  be- 
tween 36  and  45  km  (optimistically).  (3) 
At  FOM  ■ 90  dB,  the  FACT  prediction  is 
slightly  pessimistic  with  respect  to 
PARKA  results  for  coherent  and  semi- 
coherent  options  in  that  PARKA  gives 
greater  percentage  coverage  to  the  first 
CZ  (for  which  start  ranges  are  identi- 
cal) and  6 km  further  detection  after 
the  first  CZ;  the  second  CZ  is  predicted 
three  times  wider  than  the  PARKA  obser- 
vation, the  third  CZ  is  predicted  as 
double-lobed  by  FACT,  but  single-lobed 
and  narrower  from  PARKA.  (4)  For  FOM  *» 
95  dB,  FACT  PL9D  predicts  better  detec- 
tion coverage  than  given  by  PARKA  data 
at  long  ranges  (100  km),  but  predicts 
20%  coverage  from  10.5  to  33  km  compared 
to  continuous  coverage  from  the  PARKA 
data.  Second  CZ  zone  onset  is  3 km  less 
for  FACT  PL9D.  (5)  For  FOM  - 100  dB, 
FACT  PL9D  predicts  much  greater  long 
range  coverage  than  PARKA.  Both  have 
continuous  coverage  to  past  100  km. 

(C)  For  Case  II  (400  Hz)  the  following 
observations  are  made  for  (1)  FOM  ■ 80 
dB.  FACT  predicts  the  presence  of  a 
first  convergence  zone  not  supported  by 
PARKA  results.  (2)  FOM  = 85  dB.  Continu- 
ous coverage  to  9 km  for  PARKA,  6.5-8  km 
for  FACT  PL9D.  First  CZ  start  2 km 
greater  for  PARKA  and  4.5  km  less  at  end 
(i.e.,  PARKA  CZ  is  1.5  km  long,  FACT  CZ 
is  8 km  long).  (3)  FOM  » 90  dB.  Predict- 
ed coverage  by  FACT  PL9D  semi-coherent 
much  greater  than  that  of  PARKA;  contin- 
uous coverage  8 km  greater  to  44.5,  the 
first  CZ  is  almost  three  times  wider 
(despite  zone  onset  agreement),  the 
second  CZ  is  twice  as  wide,  and  FACT 
predicts  a double-lobed  third  CZ  which 
was  not  observed  in  the  PARKA  experi- 
ment. For  this  FOM  and  greater,  the 
difference  between  using  FACT  or  RAYMODE 
bottom  loss  for  the  FACT  prediction  was 


great  as  reflected  in  detection  cover- 
age. For  the  most  part,  use  of  the  FACT 
bottom  lo8  s led  to  greater  agreement 
with  PARKA  data  than  did  use  of  the 
RAYMODE  bottom  loss.  (4)  FOM  - 100  dB. 
FACT  PL9D  is  in  basic  agreement  with 
PARKA  to  beyond  the  second  CZ.  The  major 
discrepancy  is  the  prediction  by  FACT  of 
third  CZ  coverage,  not  observed  from 
PARKA  results. 

(C)  Overall,  the  following  results  ar  : 
given  for  the  comparison  between  PARKA 
experimental  data  and  the  FACT  PL9D 
model:  (l)  FACT’S  own  bottom  loss  leads 
to  better  agreement  than  do  RAYMODF.'s 
at  400  Hz  (at  50  Hz  the  differences  are 
negligible).  (2)  FACT  predicts  zone  on- 
set of  first  and  second  convergence 
zones  accurately  with  respect  to  PARKA 
data.  (3)  Second  and  third  convergence 
zones  predicted  by  FACT  are  too  narrow 
compared  to  PARKA  data.  (4)  FACT  pre- 
dicts optimistic  coverage  compared  to 
PARKA  results. 
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(U)  Table  IIC-4.  Bottom  Loss  (dB)  Versus  Grazing  Angle  (degrees). 
MGS  Type  6.  Frequency  = 400  Hz. 
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(U)  Table  IIC-3.  Bottom  Loss  (dB)  Versus  Grazirg  Angle  (degrees). 
MGS  Type  6.  Frequency  = 50  Hz. 
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[IC-4.  Bottom  Loss  (dB)  Versus  Grazing  Angle  (degrees). 
MGS  Type  6.  Frequency  = 400  Hz. 
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(C)  Table  IIC-6.  Means  GO  and  Standard  Deviations  (<r)  of  Differences, 
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(C)  Table  IIC-8.  Means  (fi)  and  Standard  Deviations  (a)  of  Differences  Between 
PARKA  Experimental  Data  and  FACT  PL9D  Model  Outputs  (in  dB). 

Source  Depth  = 500  ft..  Receiver  Depth  = 300  ft.,  Frequency  = 400  Hz. 

MGS  (i.e.,  RAYMODE  X’s  Internal)  Type  6 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs. 
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(C)  Table  IIC-9a.  Detection  Range  * (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
FACT  PL9D  Predictions.  FNOC  (i.e.,  FACT'S  Internal) 

Type  3 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs. 

Source  Depth  = 500  ft.  , Receiver  Depth  = 300  ft.,  Frequency  = 50  Hz. 


1 


| 

I 


1 


Data  Set 

FOM 

(dll) 

m 

gymrenn 

Start 

End 

Start 

End 

PARKA 

ao 



58.0 

59.0 

60.5 

62.5 

80 

mn 

58.5 

El 

61.0 

62.5 

FACT  Somieoheront 
ami  Incoherent 

80 

6.0 

58.5 

58.5 

61.0 

62.5 

PARKA 

85 

USB 

/.DC'1  GO';,  11-23  km 

wm 

59.5 

K99 

FACT  Coherent 

85 

6.5 

znc  40'.1.,  li. 5 22. 5 km  ■ 

100"  coverage,  36-45  km 

55.0 

H 

64.5 

85 

40.0 

54.0 

I 

64.  5 

PARKA 

90 

wm 

100«  coverage,  40-4G.5  km 

53.5 

100%  coverage,  53. 5- 7 1.5  km 

FACT  Coherent 

90 

10.0 

ZDt  56%,  10-32.5  km  “ 

1 00  V.  coverage,  35-47.5  km 

53.5 

65.5 

90 

71.5 

PARKA 

95 

wm 

HI 

Hi 

I b 

§HB 

FACT  Coherent 

95 

10.5 

ZI)C  20V..  10.5-33  km 
100V.  coverage,  35-47.5  km 

95 

150.0 

PARKA 

100 

nan 

IHI 

|| 

■ 

BFS.T'1  "j  I ?,l  1 . 70 . ~ 

I'ACT  Coherent 

100 

100.0 

100"  covcrag*  except  for  three 
1 km  intervals  at  11,  14,  & 24  km 

m 

100%  coverage  from  25  to  200  km 
except  for  100-104  km 

100 

■ 

PARKA 

105 

149.0 

mm 

B 

FACT  Scmicoherent 
and  Incoherent 

105 

1121111^ 

_ 

la.  AH  detection  ranges  in  kilometers. 


lb.  linage  accuracy  is  ♦ 0.25  km. 

2.  FACT  PI. 91)  coherent  results  have  been  smoothed  by  a 2 km  running  average. 

3.  R^  - Range  to  which  coverage  is  continuous. 

4.  /. DC  = Zonal  Detection  Coverage  (percent  the  FOM  has  a greater  value  than  the  propagation  loss  over  the  indicated  interval. 
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(C)  Table  IIC-9b.  Detection  Range*8’*1  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
FACT  PL9D  Predictions.  FNOC  (i.e.,  FACT'S  Internal) 

Type  3 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs. 

Source  Depth  = 500  ft.,  Receiver  Depth  = 300  ft.,  Frequency  = 50  Hz. 


Second  Convergence 

Zotie 

Third 

Convei 

rgence  Zone 

First  Lobe 

Second  Lobe 

First  Lobe 

Second  Lobe 

Data  Set 

(dB) 

Start 

lend 

Start 

End 

Start 

End 

Start 

Ena 

PARKA 

80 

FACT  Coherent2 

80 

FACT  Semicoherent 
and  Incoherent 

80 

PARKA 

85 

115.5 

117.5 

171.0 

171.0 

173.0 

174.5 

FACT  Coherent 

85 

120.0 

125.0 

FACT  Semicoherent 
and  Incoherent 

85 

120.0 

125.0 

PARKA 

90 

114.0 

120.5 

169.5 

178.0 

FACT  Coherent 

90 

110.0 

128.0 

168.0 

173.0 

178.5 

188.0 

FACT  Semicoherent 
and  Incoherent 

90 

110.0 

128.0 

168.0 

173.0 

178.5 

188.0 

PARKA 

95 

110.0 

123.5 

100%  coverage,  162-167.5  km 

180.0 

FACT  Coherent 

95 

107.0 

100%  coverage  from  107  to  >200  km 
except  for  136-148  km 

FACT  Semicoherent 
and  Incoherent 

95 

No  coverage  150-160  km 

174.0 

176.0 

191.0 

PARKA 

100 

125.0 

100%  coverage  resumes  at  158  km 

181.5 

FACT  Coherent 

100 

FACT  Semicoherent 

100 

PARKA 

105 

100%  coverage,  155->200  km 

FACT  Coherent 

105 

FACT  Semicoherent 
and  Incoherent 

105 

In.  AH  detection  ranges  in  kilometers, 
lb.  Range  accuracy  is  i 0.25  km. 

2,  FACT  PI.9D  coherent  results  have  been  smoothed  by  a 2 km  running  average. 
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(C)  Table  IlC-lOa.  Detection  Range  a’  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
FACT  PL9D  Predictions.  FNOC  (i.e.,  FACT’S  Internal) 

Type  3 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs. 

Source  Depth  = 500  ft.,  Receiver  Depth  = 300  ft.,  Frequency  = 400  Hz. 


First 

Converoenco 

Zone 

FOM 

„ 3 

First 

k>be 

Data  Set 

(dB) 

Rc 

Start 

End 

Start 

U 

PARKA 

80 

•* 

FACT  Coherent2 

80 

5.0 

62.0 

62.0 

80 

5.5 

58.0 

63.0 

PARKA 

85 

B| 

58.0 

59.5 

FACT  Coherent 
FACT  Semicoherent 

85 

56.5 

64.0 

and  Incoherent 

85 

8.0 

56.0 

64.0 

PARKA 

90 

36.5 

55.5 

59.0 

FACT  Coherent 
FACT  Semicoherent 

90 

13.0 

ZDC4  20%,  13-55  km 

55.0 

68.0 

and  Incoherent 

90 

44.5 

55.5 

65.0 

PARKA 

95 

50.0 

54.0 

66.0 

FACT  Coherent 
FACT  Semicoherent 

95 

13.5 

ZDC  75%,  13.5-55  km 

69.0 

and  Incoherent 

95 

71.0 

PARKA 

100 

69.0 

100%  coverage  to  73  km  except 

m 

69.0 

ZDC  15%.  69-108  km 
ZDC  20%,  73-111  km 

FACT  Coherent 

100 

73.0 

1.5  km  interval  at  16  km 

FACT  Semicoherent 

■ 

ZDC  50%,  89-101  km 

and  Incoherent 

100 

89.0 

m 

No  covers*.  101-111  km 

PARKA 

105 

129.0 

■1 

jgfl 

ZDC  70%,  74-98  km 

FACT  Coherent 
FACT  Semicoherent 

105 

74.0 

100%  coverage,  98-135  km 

and  Incoherent 

105 

137.0 

PARKA 

110 

188.0 

MM 

1 

FACT  Coherent 
FACT  Semicoherent 

no 

147.0 

No  coverage,  89-90.5  km 

and  Incoherent 

no 

147.5 

PARKA 

115 

■ 

FACT  Coherent 
FACT  Semicoherent 

115 

Anomalous  dropout  at  1BO  km 

■ 

and  Incoherent 

115 

1 

H 

la.  All  detection  ranges  in  kilometers. 


lb.  Accuracy  to  ± 0.25  km, 

2.  FACT  PL9D  coherent  data  have  been  smoothed  by  a 2 km  running  average. 

3.  Re  = Range  to  which  coverage  is  continuous. 

4.  ZDC  - Zona)  Detection  Coverage  (percent  the  FOM  la  greater  than  the  propagation  loaa  over  the  indicated  range  interval). 
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(C)  Table  IlC-lOb.  Detection  Range ^a’^(km)  as  a Function  of  Figure  of  Merit  (FOM) 
for  PARKA  Experimental  Data  and  FACT  PL9D  Predictions.  FNOC  (i.e. , FACT'S 
Internal)  Type  3 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs.  Source 
Depth=500  ft.,  Receiver  Depth=300  ft.,  Frequency=400  HZ 


Second  Convergence  Zone 

nnr.«.wrrTTH  | — 

Data  Set 

FOM 

<dB) 

uma 

i iiii  r — 

m 

m 

him 

PARKA 

85 

85 

t 

— 

m 

■ 

PARKA 

80 

114.5 

120.0 

90 

113.0 

120.0 

171.0 

imn 

lul.5 

185.0 

90 

113.0 

128.0 

171.0 

173.0 

181.5 

185.0 

I parka 

95 

110.5 

127.0 

95 

112.0 

128.0 

169.0 

174.0 

178.5 

189.0 

FACT  Semicoherent 
and  Incoherent 

95 

112.0 

128.0 

169.0 

174.0 

178.5 

189.0 

PARKA 

100 

108.0 

128.0 

3 km  coverage  at  16S  km 

100 

111.0 

131.0 

108.0 

175.0 

177.5 

191.0 

mm 

liil 

HR 

PARKA 

105 

129.0 

“ZDC1  60%.  129-  18ntm““““"“^™“ 
No  coverage  past  183  km 

FACT  Coherent 

105 

135.0 

ZDC  30t.  135-167  km 

167.0 

195.0 

■saws— 

105 

137.0 

ZDC  SOI.  137-143  km 
No  coverage,  143-167  km 

167.0 

175.5 

177.0 

195.0 

PARKA 

no 

FACT  Coherent 

110 

wmmmmmasm 

165.5 

199 

FACT  Semicoherent 
and  Incoherent 

110 

■ 

■ 

■ 

■ 

No  coverage,  161-165.5  km 
1001  coverage  to  199  km  except 
for  5 km  Interval  at  150  km 

183. 0 

176.0 

176.5 

199 

la.  All  detection  ranges  in  kilometers. 

lb.  Range  accuracy  is  i 0.25  km. 

2.  FACT  PL9D  coherent  data  have  been  smoothed  by  a 2 km  running  average. 

3.  ZDC  - Zonal  Detection  Coverage  (percent  the  FOM  greater  than  the  propagation  loss  over  the  indicated  range  imcrval). 
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(C)  Table  IlC-lla.  Detection  Rangela>  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
FACT  PL9D  Predictions.  MGS  (i.e.,  RAYMODE  X's  Internal) 
Type  6 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs. 

Source  Depth  = 500  ft..  Receiver  Depth  = 300  ft.,  Frequency  = 50  Hz. 


Data  Set 

FOM 

(dB) 

PARKA 

80 

80 

I! 

1 1 

i \ 

l \ 

— 

80 

PARKA 

85 

FACT  Coherent 

85 

85 

PARKA 

90 

FACT  Coherent 

90 

— 

90 

| PARKA 

95 

95 

FACT  Semicoherent 
and  Incoherent 

95 

PARKA 

100 

100 

100 

I PARKA 

105 

105 

105 

In.  All  detection  ranges  in  kilometers, 
lb.  Rnnpe  accuracy  is  ± 0.25  km. 

2.  FACT  PI.9D  coherent  results  have  been  smoothed  by  n 2 km  runninp  average. 

3.  R0  = Range  to  which  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  (percent  the  FOM  has  a greater  value  than  the  propagation  loss  over  the  indicated  interval). 
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(C)  Table  IlC-llb.  Detection  Range*®**1  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
FACT  PL9D  Predictions.  MGS  (i.e.,  RAYMODE  X's  Internal) 

Type  6 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs. 

Source  Depth  = 500  ft.,  Receiver  Depth  = 300  ft.,  Frequency  = 50  Hz. 


Second  Convergence.  Zone 

Third  Convex; 

genoe  Zone 

FOM 

Firet 

/>be 

Second 

First  Lobe 

second  Lobe 

Data  Set 

(dB) 

Start 

End 

Start 

End 

Star* 

End 

Start 

End 

PARKA 

80 

FACT  Coherent2 

FACT  Semicoherent 
and  Incoherent 

80 

PARKA 

85 

115.5 

117.5 

171.0 

171.0 

173.0 

174.5 

FACT  Coherent 

85 

FACT  Semicoherent 
and  Incoherent 

85 

120.0 

125.0 

PARKA 

90 

114.0 

120.5 

169.5 

178.0 

FACT  Coherent 

90 

111.0 

128.0 

168.0 

173.0 

178,5 

188,0 

FACT  Semicoherent 
and  Incoherent 

90 

PARKA 

95 

110.0 

123.5 

100%  coverage.  182-167.5  km 

FACT  Coherent 

95 

FACT  Semicoherent 
and  Incoherent 

95 

PARKA 

100 

112.0 

125.0 

100%  coverage  resumes  at  158  km 

181.5 

100 

FACT  Semicoherent 

100 

PARKA 

105 

mo  coverage,  iss-lks  km 
100%  coverage,  155  to  200  km 

FACT  Coherent 

105 

FACT  Semicoherent 
and  Incoherent 

105 

la.  All  detection  ranges  in  kilometers. 

lb.  Range  accuracy  is  i 0.25  km. 

2.  FACT  PI.9D  coherent  iesults  have  been  smoothed  by  a 2 km  running  average. 
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(C)  Table  IIC-12a.  Detection  Range  *D  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
FACT  PL9D  Predictions.  MGS  (i.e.,  RAYMODE  X’s  Internal) 

Type  6 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs. 

Source  Depth  = 500  ft.,  Receiver  Depth  = 300  ft.,  Frequency  = 400  Hz. 


(Intn  Set 

FOM 

(<IH) 

PARKA 

80 

80 

80 

PARKA 

85 

PACT  Coherent 

85 

85 

PARKA 

90 

FACT  inherent 

_22 

FACT  Semieoherent 
nnd  Incoherent 

90 

First  Converircncc  /.one 


EBB 

BaHi, 


PARKA  


FACT  Coherent 


IBM 

■mm 

110 

73.5 

no 

74.0 

115 

>MCM> 

115 

74.0 

115 

138.5 

120 

120 

78.5 

139.0 

In.  All  detection  rondos  in  kilometers. 

U>,  Run  ire  nccurncy  is  ♦ 0.25  km. 

2.  FACT  PI, OH  coherent  (Intn  linve  been  smoothed  by  n 2 kni  running  overage. 

3.  Rt<  - Knotfc  to  which  eovernne  is  coutimimis 

4.  /i>c  /.iiiiiii  Detvcti'.ii  L'ovi-r:.«i-  (percent  the  FOM  i,  treater  than  th«  propagation  Ion  over  the  indicated  rm|e  Interval). 
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(C)  Table  IIC-12b.  Detection  Range  l®'*5  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
FACT  PL9D  Predictions.  MGS  (i.e.,  RAYMODE  X's  Interval) 

Type  6 Bottom  Loss  Used  in  FACT  PL9D  Model  Runs. 

Source  Depth  = 500  ft.,  Receiver  Depth  = 300  ft.,  Frequency  = 400  Hz. 


Data  Set 

(dB) 

Start 

End 

Start 

End 

PARKA 

90 

114. 5 

120.0 

2 

FACT  Coherent 

90 

113.0 

126.0 

FACT  Semicoherent 
and  Incoherent 

90 

113.0 

126.0 

PARKA 

95 

110.5 

127.0 

FACT  Coherent 

95 

FACT  Semicoherent 
and  Incoherent 

95 

PARKA 

100 

108.0 

128.0 

FACT  Coherent 

no 

-LL2JL 

U8.0 

FACT  Semicoherent 

112.0 

127.5 

PARKA 

105 

129.0 

FACT  Coherent 

105 

111.0 

134.0 

FACT  Semicoherent 
and  Incoherent 

105 

111.0 

134.0 

PARKA 

110 

FACT  Coherent 

110 

110.5 

137.0 

fACt  Semicoherent 
end  Incoherent 

110 

110.0 

137.0 

PARKA 

115 

FACT  Coherent 

115 

109.5 

138.5 

FACT  Semicoherent 
and  Incoherent 

115 

138.5 

PARKA 

120 

FACT  Coherent 

120 

140.0 

FACT  Semicoherent 
and  Incoherent 

120 

139.0 

128.0  3 km  coverage  at  168  km 


129.0  No  coverage  paat  183  km 


Thlro  Convergence  Zone 
Ttrir  TSSTlSyoond  Co5T~ 
Start  End  Start  End 

171.0  173.0  181.5  185.0 

171.0  173.0  181.5  185.0 


189. Ol  174.01  178.5  I 189.0 


167.0  175.0  177.0  195.0 

187.0  175.0  177.0  195.0 

166.5  176.0  176.0  198.5 

166.5  176.0  177.0  198.5 


166.0  176.0  176.5  >300 


165.0  176.0  176.5  >20? 


la.  All  detection  ranges  in  kilometers. 

lb.  Range  nceurncy  is  i 0.25  km. 

2.  1 ACT  Pl.'ID  coherent  results  have  been  smoothed  by  n 2 km  running  average . 

3.  ZDC  - Zonal  Detection  Coverage  (percent  for  which  the  I'OM  is  greater  than  the  propagation  loss  over  the  indicated 
rn»Ri!  interval). 
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(C)  Figure  IIC-2.  Bottom  Loss  Versus  Grazing  Angle,  FNOC  3,  *3 

Frequency  = SO  Hertz  ' J 
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(C)  Figure  IIC-3.  Bottom  Loss  Versus  Grazing  Angle,  FNOC  3, 

Frequency  = 400  Hertz 
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(C)  Figure  IIC-4. 


Bottom  Loss  Versus  Grazing  Angle,  MGS  6, 
Frequency  = 50  Hertz 
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(C)  Figure  IIC-5. 


Bottom  Loss  Versus  Grazing  Angle , MGS  6, 
Frequency  = 400  Hertz 
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(C)  Figure  IIC-7.  PARKA  Data,  Source  Depth  = 500  Feet,  Receiver  Depth 

300  Feet,  Frequency  = 400  Hertz 
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(C)  Figure  IIC-25.  FACT  (Semi-coherent)  Bottom  Loss  = FNOC  Type  3 

Frequency  = 400  Hertz 
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Appendix  IID.  (U)  Accuracy  Assessment  of  FACT  PL9D 
Compared  to  BEARING  STAKE  Experimental  Data 


BEARING  STAKE  (U) 

Environment  (U) 

(C)  The  sound  speed  profile  for  station 
IB,  run  PI,  is  given  in  Figure  IID1. 
This  profile  is  characterized  by  a broad 
deep  sound  channel,  the  breadth  evi- 
denced by  a variation  of  1 m/sec  from 
1500  m to  the  deep  channel  axis  at 
1725  m and  a 1 m/sec  increase  to  approx- 
mately  2000  ra.  This  profile  is  severely 
bottom  limited. 

(C)  The  bottom  loss  versus  grazing  angle 
for  this  environment  is  given  in  Figures 
IID2-IID4  and  Tables  IID1-IID3  for  25, 
140  and  290  Hz.  In  all  cases  the  loss  is 
0 dB  at  0 degrees  and  11.2  dB  at  normal 
incidence.  At  5 degrees,  the  losses  at 
25,  140  and  290  Hz  are  0.15,  0.73,  and 
1.27  dB,  respectively;  at  15  degrees, 
the  values  are  0.58,  1.83,  and  3.15  dB. 
These  experimentally  determined  bottom 
losses  are  lower  than  either  the  FACT 
internally  stored  values  for  a Type  1 
area  designator,  the  lowest  loss  rou- 
tinely available  to  this  model. 

Test  Cases  (U) 

(C)  Station  IB,  Run  PI  consists  of  12 
cases  as  follows: 


CASE 

SOURCE 

RECEIVER 

FREQUENCY 

DEPTH  (m) 

DEPTH  (m) 

(Hz) 

I 

51 

4°6 

25 

II 

91 

1685 

25 

III 

91 

3320 

25 

IV 

91 

3350 

25 

V 

18 

496 

140 

VI 

18 

1685 

140 

VII 

18 

3320 

140 

VIII 

18 

3350 

140 

IX 

18 

496 

290 

X 

18 

1685 

290 

XI 

18 

3320 

290 

XII 

18 

•3350 

290 

CONFIDENTIAL 

(C)  In  all  cases  the  source  is  relative- 
ly shallow  at  either  18  or  91  m.  Receiv- 
er depths  are  somewhat  distributed  over 
the  water  column  with  the  deepest  re- 
ceiver on  the  bottom.  The  maximum  range 
of  the  experimental  data  is  286  km.  The 
FACT  PL9D  model,  due  to  a 250  point  max- 
imum dimension,  was  run  to  a maximum 
range  of  250  km  to  maintain  a uniform 
spacing  between  points  of  1 km.  The 
Bearing  Stake  data  for  these  cases  are 
plotted  in  Figures  IID5-IID16.  The  Bear- 
ing Stake  experimental  data  exhibited 
substantial  fluctuations  and,  in  order 
to  compare  mean  levels  of  model  and  ex- 
perimental results,  the  experimental 
data  were  smoothed  by  applying  a running 
average  over  a 2 km  window.  The  smoothed 
experimental  data,  for  the  12  cases,  are 
given  in  Figures  IID17-  IID28. 

Accuracy  Assessment  Results  (U) 

(U)  The  accuracy  assessment  procedures 
were  followed  as  outlined  in  section  1.1 
and  described  in  detail  in  section  5 of 
Volume  I of  this  series.  The  following 
figures  were  produced  for  each  case*  (1) 
FACT  PL9D  output  using  the  seraicoherent 
option,  (2)  the  semi-coherent  result 
subtracted  from  the  smoothed  Bearing 
Stake  data.  In  all  cases,  the  coherent, 
seraicoherent,  and  Incoherent  coherence 
options  provided  the  same  output  re- 
sults. The  results  were  generally  smooth 
and  any  further  smoothing  of  the  model 
outputs  would  have  been  superfluous.  The 
model  results  and  the  differences  be- 
tween the  smoothed  experimental  data  and 
the  FACT  PL9D  model  results  are  given 
(in  pairs)  in  Figures  IID29-IID52.  The 
means  and  standard  deviations  of  differ- 
ences between  the  smoothed  Bearing  Stake 
data  and  the  FACT  PL9D  model  results  are 
given  in  Table  IID4.  It  is  important, 
however,  to  quantify  the  effect  upon  the 
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statistics  of  the  2 km  running  average 
(equivalent  to  a sonar  system  with  a 5 
minute  averaging  time  detecting  a 12 
knot  submarine  opening  or  closing  on 
own-ship  at  0 degrees  or  180  degrees, 
respectively)  as  compared  to  no  averag- 
ing. Differences  between  the  unsmoothed 
(l.e.,  raw)  Bearing  Stake  data  and  the 
FACT  PL9D  results  were  calculated . In 
general,  the  means  for  the  unsmoothed 
results  are  about  0.2  dB  greater  (i.e., 
more  positive)  than  those  for  the 
smoothed  Bearing  Stake  data  and  the 
standard  deviation  is  approximately  1 dB 
less.  The  difference  in  the  two  mean 
values  is  of  an  insignificant  amount. 
The  difference  of  the  standard  devia- 
tions, although  not  great,  is  signifi- 
cant and  is  clearly  in  the  proper  direc- 
tion. The  overall  effects  of  smoothing 
the  experimental  data  were  consistent 
and  not  very  great . 

(C)  The  Bearing  Stake  experimental  data 
did  not  have  clearly  definable  regions, 
although  some  near-field  interference 
patterns  are  in  evidence.  It  was  for 
this  reason  that  the  means  and  standard 
deviations  are  calculated  over  the  en- 
tire range  extent  (the  250  km  of  the 
model  results).  As  shall  be  shown  below, 
this  choice  was  not  very  useful  and  an 
arbitrary  set  of  intervals  such  as  0-25, 
25-50,  50-100,  100-200,  >200  km  would 

have  been  more  useful.  Conclusions  based 
upon  viewing  the  difference  curves  fol- 
low: (a)  Case  I:  Difference  curves 

oscillate  between  negative  and  positive 
values  to  170  km  after  which  all  values 
are  negative.  Between  0 and  150  km  there 
is  an  overall  tendency  to  go  from  posi- 
tive to  negative  difference  (approxi- 
mately -6  dB/150  km  after  eliminating 
the  fluctuations),  (b)  Case  II:  Charac- 
terized by  the  same  overall  trend  of 
differences  becoming  increasingly  nega- 
tive with  range.  Here,  it  is  estimated 
that  over  the  first  50  km  a g =* 0 dB  and 
a =*  2 dB  would  be  obtained.  Past  200  km, 
a mean  of  approximately  7 dB  is  found 
with  a standard  deviation  of  2-3  dB.  (c) 
Case  III:  With  occasional  exception  dif- 
ferences are  essentially  negative  at  a 
median  level  of  -7  dB.  ".'here  is  no  basic 


range  dependence  for  this  case,  (d)  Case 
IV:  The  differences  rise  (in  terms  of  a 
running  mean)  from  0 to  about  5 dB  over 
the  first  150  km  and  rise  slowly  from  =*7 
to  2s 8 dB  over  the  next  100  km.  The 
standard  deviation  of  3 dB  found  in  the 
table  Is  essentially  constant  over  the 
250  km  interval.  With  one  exception  all 
differences  are  positive  past  100  km. 

(e)  Case  V:  The  differences  show  a con- 
tinuing trend  from  positive  to  negative 
over  the  250  km  extent  the  rise  being 
11  dB/150  km  over  the  first  150  km.  All 
differences  are  positive  past  140  km, 

(f)  Case  VI:  Mean  differences  go  from 

positive  to  negative  with  increasing 
range,  the  transition  being  at  about  60 
km.  A steady  state  mean  difference  of 
—-5  dB  is  reached  after  185  km.  (g)  Case 
VII:  The  overall  plus  to  minus  trend  in 
differences  is  repeated  but  more  rapidly 
(all  differences  past  62  km  negative). 
This  case  is  replete  with  large  fluctua- 
tions as  evidenced  by  the  overall  stand- 
ard deviation  of  5.2  dB.  (h)  Case  VIII: 
Essentially  the  same  as  Case  VII.  (i) 
Case  IX:  Once  again  the  positive-to- 

negative  trend  in  differences.  Differ- 
ences negative  to  50  km;  oscillatory 
negative  to  positive  50-140  km;  positive 
past  140  km.  (j)  Case  X:  Similar  behav- 
ior to  Case  IX  but  transition  ranges  are 
approximately  80  and  145  km.  Marked 
"increase"  in  negative  values  observed 
toward  end  (>210  km)  of  record,  (k)  Case 
XI:  The  most  extreme  case  of  the  posi- 
tive to  negative  trend  - overall  range 
in  differences  =*25  dB.  Reasonable  agree- 
ment between  100  and  135  km.  (1)  Case 
XII:  Basically  the  same  form  as  Case  XI 
but  somewhat  attenuated.  Basic  agreement 
area  85-135  km. 

(C)  Two  basic  conclusions  may  be  reached 
upon  comparing  the  Bearing  Stake  experi- 
mental data  with  FACT  PL9D  model  results 
(1)  The  model  fails  to  capture,  at  all 
ranges  and,  regardless  of  coherence  op- 
tion chosen,  the  basic  fluctuating 
nature  of  the  experimental  data  (all 
coherence  options  yielded  the  same 
values).  This  suggests  a close  examina- 
tion of  the  FACT  coherence  logic,  par- 
ticularly in  Bearing  Stake  type 
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environments . (2)  The  basic  trend  of  the 
disagreements  is  that  the  differences  go 
from  positive  at  short  range  to  negative 
at  long  range  (the  overall  statistical 
effect  being  an  emphasis  of  the  negative 
differences).  It  appears  that  at  great 
range,  an  even  smaller  bottom  loss  than 
that  measured  would  be  necessary  to 
bring  the  model  into  agreement  with  mea- 
sured data.  But  what  of  shorter  ranges 
where  the  experimental  data  has  less 
loss  than  the  model  results?  The  answer 
may  lie  in  the  treatment  of  coherence. 
The  resolution  of  this  matter  bears 
further  investigation.  We  now  turn  to 
the  effect  of  these  differences  on 
detection  range  as  a function  of  figure 
of  merit.  The  results  of  this  analysis 
are  contained  in  Tables  IID5-IID16.  The 
results  cited  above  are  generally  repli- 
cated in  the  FOM  analysis,  i.e.,  the 
FACT  PL9D  model  gives  longer  continuous 
detection  ranges  (i*e.,  range  to  which 
detection  opportunity  is  100%),  but  be- 
cause of  fluctuations,  the  experimental 
data  gives  longer  zonal  coverage.  The 
experimental  data  generally  predicts  de- 
tections at  longer  ranges  than  would  be 
concluded  from  examining  the  model  re- 
sults. 


0 

i 

K D-3 

C5 


CONFIDENTIAL 


i n1 ».'  v v.  v v.v.  v^ir*p  . 


.*«%  V(rVO 


*Y! 


CONFIDENTIAL 


(C)  Table  IID-1.  Bearing  Stake  Station  IB,  Run  PI.  Bottom  Loss  (dB) 
versus  Grazing  Angle  (degrees).  Frequency  = 25  Hertz. 


Q 

BL 

0 

BL 

e 

BL 

0 

BL 

0 

BL 

0 

BL 

0 

0.00 

15 

0.55 

30 

4.20 

45 

10.40 

60 

11.20 

75 

11.20 

1 

0.05 

16 

0.70 

31 

4.80 

46 

10.45 

61 

11.20 

76 

11.20 

2 

0.075 

17 

0.85 

32 

5.60 

47 

10.50 

62 

11.20 

77 

11.20 

3 

0.10 

18 

1.00 

33 

6.20 

48 

10.60 

63 

11.20 

78 

11.20 

4 

0.15 

19 

1.10 

34 

6.90 

49 

10.70 

64 

11.20 

79 

11.20 

5 

0.20 

20 

1.30 

35 

7.60 

50 

10.75 

65 

11.20 

80 

11.20 

6 

0.25 

21 

1.30 

36 

8.20 

51 

10.80 

66 

11.20 

81 

11.20 

7 

0.30 

22 

1.60 

37 

8.90 

52 

10.90 

67 

11.20 

82 

11.20 

8 

0.35 

23 

1.70 

38 

9.70 

53 

10.95 

68 

11.20 

83 

11.20 

9 

0.40 

24 

2.00 

39 

10.10 

54 

11.00 

69 

11.20 

84 

11.20 

10 

0.45 

25 

2.20 

40 

10.15 

55 

11.05 

70 

11.20 

85 

11.20 

11 

0.50 

26 

2.60 

41 

10.20 

56 

11.10 

71 

11.20 

86 

11.20 

12 

0.55 

27 

2.80 

42 

10.25 

57 

11.15 

72 

11.20 

87 

11.20 

13 

0.60 

28 

3.20 

43 

10.30 

58 

11.20 

73 

11.20 

88 

11.20 

14 

0.58 

29 

3.50 

44 

10.35 

59 

11.20 

74 

11.20 

89 

11.20 
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(C)  Table  IID-2.  Bearing  Stake  Station  IB,  Run  PI.  Bottom  Loss  (dB) 
versus  Grazing  Angle  (degrees).  Frequency  = 140  Hertz. 


0 

BL 

e 

BL 

0 

BL 



e 

BL 

0 

BL 

0 

BL 

0.00 

15 

1.83 

30 

4.13 

45 

10.43 

60 

11.20 

75 

11.20 

1 

0.13 

16 

1.83 

31 

4.33 

46 

10.53 

61 

11.20 

76 

11.20 

! 2 

0.33 

17 

1.83 

32 

4.63 

47 

10.63 

62 

11.20 

77 

11.20 

3 

0.53 

18 

1.91 

33 

5.03 

48 

10.73 

63 

11.20 

78 

11.20 

! 4 

0.79 

19 

2.13 

34 

5.63 

49 

10.74 

64 

11.20 

79 

11.20 

i 5 

0.93 

20 

2.23 

35 

6.23 

50 

10.83 

65 

11.20 

80 

11.20 

1 6 

1.18 

21 

2.33 

36 

6.93 

51 

10.84 

66 

11.20 

81 

11.20 

/ 

1.33 

22 

2.43 

37 

7.53 

52 

10.85 

67 

11.20 

82 

11.20 

8 

1.53 

23 

2.63 

38 

8.13 

53 

10.86 

68 

11.20 

83 

11.20 

9 

1.53 

24 

2.83 

39 

8.63 

54 

10.92 

69 

11.20 

84 

11.20 

1.68 

25 

2.93 

40 

9.13 

55 

10.93 

70 

11.20 

85 

11.20 

1 11 

1.73 

26 

3.23 

41 

9.63 

56 

10.94 

71 

11.20 

86 

11.20 

12 

1.78 

27 

3.33 

42 

10.13 

57 

11.01 

72 

11.20 

87 

11.20 

13 

1.83 

28 

3.63 

43 

10.23 

58 

11.02 

73 

11.20 

88 

11.20 

14 

1.83 

29 

3.83 

44 

— 

10.33 

59 

11.03 

74 

11.20 

89 

' 11.20 
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(C)  Table  IID-3.  Bearing  Stake  Station  IB,  Run  PI.  Bottom  Loss  (dB) 
versus  Grazing  Angle  (degrees).  Frequency  = 290  Hertz. 


e 

BL 

e 

BL 

e 

BL 

0 

BL 

0 

BL 

0 

BL 

0 

0.00 

15 

3.17 

30 

6.37 

45 

10.67 

60 

11.20 

75 

11.20 

1 

0.27 

16 

3.18 

31 

6.57 

46 

10.87 

61 

11.20 

76 

11.20 

2 

0.67 

17 

3.19 

32 

6.77 

47 

11.07 

62 

11.20 

77 

11.20 

3 

0.97 

18 

3.37 

33 

6.97 

48 

11.20 

63 

11.20 

78 

11.20 

4 

1.27 

19 

3.57 

34 

7.47 

49 

11.20 

64 

11.20 

79 

11.20 

5 

1.57 

20 

3.77 

35 

7.97 

50 

11.20 

65 

11.20 

80 

11.20 

6 

1.87 

21 

3.97 

36 

8.27 

51 

11.20 

66 

11.20 

81 

11.20 

7 

2. 1 7 

22 

4.19 

37 

8.67 

52 

11.20 

67 

11.20 

82 

11.20 

8 

2.37 

23 

4.57 

38 

9.27 

53 

11.20 

68 

11.20 

83 

11.20 

9 

2.47 

24 

4.77 

39 

9.67 

54 

11.20 

;’9 

11.20 

84 

11.20 

10 

2.67 

25 

5.17 

40 

9.77 

55 

11.20 

70 

11.20 

85 

11.20 

11 

2.77 

26 

5.37 

41 

9.97 

56 

11.20 

71 

11.20 

86 

11.20 

12 

2.87 

27 

5.67 

42 

10.17 

57 

11.20 

72 

11.20 

87 

11.20 

13 

3.07 

28 

5.97 

43 

10.27 

58 

11.20 

73 

11.20 

88 

11.20 

14 

3.15 

29 

6.17 

44 

10.47 

59 

11.20 

74 

11.20 

89 

11.20 
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(C)  Table  IID-4.  Means  and  Standard  Deviations  of  Differences  Between 
Bearing  Stake  Data  Smoothed  1 and  FACT  PL9D2  Model  Results. 


Source 


Receiver 


Station 

Run 

Depth  (m) 

Depth  (m) 

Frequency  (Hz) 

#4  (dB) 

0 (dB) 

IB 

PI 

91 

496 

25 

-2.5 

4.5 

IB 

PI 

91 

1685 

25 

-3.6 

3.9 

IB 

PI 

91 

3320 

25 

-5.0 

4.5 

IB 

PI 

91 

3350 

25 

-4.9 

3.2 

IB 

PI 

18 

496 

140 

-2.4 

4.9 

IB 

PI 

18 

1685 

140 

-2.4 

3.4 

IB 

PI 

18 

3320 

140 

-5.0 

5.2 

IB 

PI 

18 

3350 

140 

-4.6 

5.0 

IB 

PI 

18 

496 

290 

-2.0 

5.1 

IB 

PI 

1 

i.  O 

1685 

290 

-1.3 

5.0 

IB 

?1 

18 

3320 

290 

-0.8 

6.5 

IB 

PI 

18 

3350 

290 

-0.8 

6.0 

1.  Smoothed  by  application  of  a 2km- window  running  average. 

2.  All  FACT  PL9D  results  identical  - independent  of  phase  option  chosen. 
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(C)  Table  IID-5.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for 
Bearing  Stake  Data1  and  FACT  PL9D  Model2  Results 
(Station  IB  Run  PI,  Source  Depth  = 91  m, 
Receiver  Depth  = 496  m,  Frequency  = 25  Hz) 


Data  Set 

FOM 

«c3 

Bearing  Stake 

75 

5.5 

FACT  PL9D 

75 

7 

Bearing  Stake 

80 

6 

FACT  PL9D 

80 

25.5 

Bearing  Stake 

85 

6.5 

FACT  PL9D 

85 

61 

Bearing  Stake 

90 

65.5 

FACT  PL9D 

90 

99.5 

Bearing  Stake 

95 

76 

FACT  PL9D 

95 

227 

Bearing  Stake 

100 

77 

FACT  PL9D 

100 

>287 

to  >287  km. 


1.  Smoothed  by  running  average  with  2 kilometer  window. 


2.  Coherent,  semi -coherent  and  incoherent  results  were  identical;  no  smoothing 
was  used. 


3.  Rc  = Range  to  which  detection  coverage  is  continuous. 


4.  ZDC  - Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-6.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data*  and 
FACT  PL9D  Model2  Results 
(Station  IB,  Run  PI,  Source  Depth  = 91m, 
Receiver  Depth  = 1685  m,  Frequency  = 25  Hz) 


Data  Set 

FOM 

*c3 

Range  > Rc 

Bearing  Stake 

75 

12 

One  small  peak  (1  point)  at  19  km. 

FACT  PL9D 

75 

12.5 

Bearing  Stake 

80 

13 

ZDC4  70%,  13-44  km. 

FACT  PL9D 

80 

23 

Bearing  Stake 

85 

25 

ZDC  95%,  25-66  km;  ZDC  50%,  66-119  km; 
ZDC  15%,  119-199  km. 

FACT  PL9D 

85 

56 

Bearing  Stake 

90 

75 

ZDC  95%,  75  - 149  km;  ZDC  60%,  149-196  km; 
ZDC  10%,  196  - 186  km. 

FACT  PL9D 

90 

94 

Bearing  Stake 

95 

76 

ZDC  95%,  76  - 256  km;  ZDC  80%,  256  ->287  km. 

FACT  PL9D 

95 

193.5 

Bearing  Stake 

100 

76.5 

100%  coverage  (except  for  dropouts  at  76.5  and 
167.5  km)  to >287  km. 

FACT  PL9D 

100 

>287 

1-  Smoothed  by  running  average  with  2 kilometer  window. 

2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 

3.  Rq  = Range  to  which  detection  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-7.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data1  and 
FACT  PL9D  Model2  Results. 

(Station  IB,  Run  PI,  Source  Depth  = 91m, 
Receiver  Depth  = 3320  m,  Frequency  = 25  Hz) 


Data  Set 

FOM 

Bearing  Stake 

75 

5 

FACT  PL9D 

75 

12.5 

Bearing  Stake 

80 

6 

FACT  PL9D 

80 

29 

Bearing  Stake 

85 

75 

FACT  PL9D 

85 

69.5 

Bearing  Stake 

90 

75.5 

FACT  PL9D 

90 

111 

Bearing  Stake 

95 

76 

FACT  PL9D 

95 

221 

Bearing  Stake 

100 

76.5 

FACT  PL9D 

100 

>286 

Range  > R 


ZDC  85%,  5 - 32  km. 


ZDC  90%,  6 - 71.5  km. 


ZDC  65%,  75  - 140  km;  ZDC  50%,  140 
ZDC  20%,  225  - 286  km. 


- 225  km: 


ZDC  90%,  75.5  - 286  km. 
100%  coverage  121  - 124  km. 


100%  coverage  (except  for  dropouts  at  76  & 168  km) 
to >286  km. 


100%  coverage  232  - 242  km. 


100%  coverage  (except  for  dropouts  at  76  & 168  km) 
to>286  km. 


1.  Smoothed  by  running  average  with  a 2 kilometer  window. 


2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 


3.  Rc  = Range  to  which  detection  coverage  is  continuous. 


4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-8.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data*  and 
FACT  PL9D  Model 2 Results. 

(Station  IB,  Run  PI,  Source  Depth  = 91m, 
Receiver  Depth  = 3350  m,  Frequency  = 25  Hz) 


Data  Set 

FOM 

«o3 

Range  > R 

Bearing  Stake 

75 

6 

ZDC4  95%,  6 - 19  km. 

FACT  PL9D 

75 

13 

100%  coverage  19.5  - 21  km. 

Bearing  Stake 

80 

35 

ZDC  60%,  35  - 69  km;  100%  coverage  87  - 90  km. 

FACT  PL9D 

80 

29 

Bearing  Stake 

85 

80 

ZDC  70%,  80  - 150  km;  ZDC  20%,  150  - 286  km. 

FACT  PL9D 

85 

68.5 

Bearing  Stake 

90 

150 

ZDC  90%,  150  - 286  km. 

FACT  PL9D 

90 

110 

100%  coverage  126  - 129  km. 

Bearing  Stake 

95 

>286 

FACT  PL9D 

95 

=286 

1.  Smoothed  by  running  average  with  a 2 kilometer  window. 

2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 

3.  R = Range  to  which  detection  coverage  is  continuous. 

V 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-9.  Deteotion  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data!  and 
FACT  PL9D  Model2  Results. 

(Station  IB,  Run  PI,  Source  Depth  = 18m, 

Receiver  Depth  = 496  m,  Frequency  = 140  Hz) 


Data  Set 

FOM 

»c3 

Range>Rc 

Bearing  Stake 

75 

5 

FACT  PL9D 

75 

5.5 

Bearing  Stake 

80 

6 

100%  coverage  30.5  - 34  km. 

FACT  PL9D 

80 

17.5 

Bearing  Stake 

85 

7 

ZDC4  50%,  7 - 41  km. 

FACT  PL9D 

85 

43.5 

Bearing  Stake 

90 

8 

100%  coverage.il  - 44  km;  ZDC  55%,  44  - 115  km. 

FACT  PL9D 

90 

75 

Bearing  Stake 

95 

41 

ZDC  75%,  41  - 150  km;  ZDC  15%,  150  - 247.5  km. 

FACT  PL9D 

95 

113 

Bearing  Stake 

100 

136.5 

ZDC  95%,  136.5  - 249  km. 

FACT  PL9D 

100 

161 

Bearing  Stake 

105 

251 

ZDC  90%,  251  - 286  km. 

FACT  PL9D 

105 

236 

1.  Smoothed  by  running  average  with  a 2 kilometer  window. 

2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 

3.  Rc  = Range  to  which  detection  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-10.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data1  and 
FACT  PL9D  Model  Results. 

(Station  IB,  Run  PI,  Source  Depth  = 18m, 

Receiver  Depth  = 1685  m,  Frequency  = 140  Hz) 


Data  Set 

FOM 

«c3 

Range  > Rc 

Bearing  Stake 

75 

6.5 

100%  coverage,  8 - 10  km. 

FACT  PL9D 

75 

10.5 

Bearing  Stake 

80 

11 

ZDC4  25%,  11  - 21  km. 

FACT  PL9D 

80 

15.5 

Bearing  Stake 

85 

15.5 

ZDC  45%,  20  - 48  km. 

FACT  PL9D 

85 

20.5 

Bearing  Stake 

90 

43.5 

ZDC  95%,  45  - 67  km;  ZDC  25%,  67  - 115.5  km. 

FACT  PL9D 

90 

67.5 

Bearing  Stake 

95 

129 

ZDC  85%,  129  - 150  km;  ZDC  20%,  150  - 216.5  km. 

FACT  PL9D 

9b 

106.5 

Bearing  Stake 

100 

157.5 

ZDC  85%,  157.5  - 226.5  kill;  ZDC  20%,  226.5  - 
286  km 

FACT  PL9D 

100 

149 

100%  coverage  159.5  - 165  km. 

Bearing  Stake 

105 

162 

100%  coverage  (except  162  - 166  km)  to >286  km. 

FACT  PL9D 

105 

222.5 

1.  Smoothed  by  running  average  with  a 2 kilometer  window. 


2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 

3.  R = Range  to  which  detection  coverage  is  continuous. 

V 


if 


4. 


ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-11.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data*  and 

FACT  PL9D  Model2  Results. 

(Station  IB , Run  PI,  Source  Depth  = 18m, 

Receiver  Depth  = 3320  m,  Frequency  = 140  Hz) 


Data  Set  FC 

Bearing  Stake  75 
FACT  PL9D  75 
Bearing  Stake  80 
FACT  PL9D  80 
Bearing  Stake  85 
FACT  PL9D  85 


Bearing  Stake  90 

FACT  PL9D  90 
Bean.ig  Stake  95 
FACT  PL9D  95 
Bearing  Stake  100 
FACT  PL9D  100 
Bearing  Stake  105 
FACT  I 9D  105 


FOM 

»o* 

75 

? 

75 

12 

80 

9 

80 

21 

85 

24 

85 

33.5 

90 

24 

90 

62.5 

95 

141.5 

95 

102 

100 

143 

100 

144 

105 

253.5 

105 

225 

Range  > Rq 

ZDC4  50%  to  18.5  km. 

100%  coverage  18  - 20  km. 

ZD',;  ;>D%,  9 - 20  km  - 100%  coverage  45 


50  km. 


ZDC  50%,  24  - 84  km;  ZDC  5%,  84  - 130  km. 

100%  coverage  55.5  - 53.5  km. 

100%  coverage  (except  for  dropouts  at  24  & 59  km) 
to  141.5  km;  ZDC  15%,  141.5  - 215.5  km. 

100%  coverage  93.5  - 96  km. 

ZDC  65%,  141  - 249  km. 

100%  coverage  131  - 137.5  km. 

ZDC  15%,  143  - 286  km. 

100%  coverage  163  - 179  km. 

100%  coverage  (except  from  253.5  to  256  km)  to  286  km 
100%  coverage  14  . ->150  km. 


1.  Smoothed  by  running  average  with  a 2 kilometer  window. 

2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 

3.  R = Range  to  which  detection  coverage  is  continuous. 

V 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID- 12.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data!  and 
FACT  PL9D  Model2  Results. 

(Station  IB,  Run  PI,  Source  Depth  = 18  m, 
Receiver  Depth  = 3350  m,  Frequency  = 140  Hz). 


Data  Set 

FOM 

R 3 
c 

Range  > RQ 

Bearing  Stake 

75 

? 

ZDC4  50%,  4 - 18  km. 

FACT  PL9D 

75 

12 

100%  coverage  18  - 19  km. 

Bearing  Stake 

80 

10.5 

100%  coverage  12.5  - 20  km  and  46  - 50  km. 

FACT  PL9D 

80 

20.5 

Bearing  Stake 

85 

30.5 

ZDC  50%,  30.5  - 57  km;  ZDC  5%,  57  - 131.5  km. 

FACT  PL9D 

85 

33 

100%  coverage  55  - 58  km. 

Bearing  Stake 

90 

32 

ZDC  75%,  32  - 100  km;  ZDC  50%,  100  - 148  km. 

FACT  PL9D 

90 

62.5 

100%  coverage  93  - 96  km. 

Bearing  Stake 

95 

34 

100%  coverage  (except  34  - 37  and  60  - 61  km) 
to  165  km;  ZDC  50%,  165  - 233  km  - ZDC  20%; 
233  - 273  km. 

FACT  PL9D 

95 

101.5 

100%  coverage  130.5  - 138  km. 

Bearing  Stake 

100 

254 

ZDC  50%,  254  - 286  km. 

FACT  PL9D 

100 

143.5 

100%  coverage  160  - 179  km. 

Bearing  Stake 

105 

255 

100%  coverage  (except  255  - 258)  to  > 286  km. 

FACT  PL9D 

105 

223 

100%  coverage  242  - > 250  km. 

1.  Smoothed  by  running  average  with  a 2 kilometer  window. 

2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 

3.  Rc  = Range  to  which  detection  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-13.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data!  and 
FACT  PL9D  Model2  Results. 

(Station  IB,  Run  PI,  Source  Depth  = 18m, 

Receiver  Depth  = 496  m,  Frequency  = 290  Hz) 


Data  Set 

FOM 

»o3 

Range  > R 

Bearing  Stake 

75 

4.5 

FACT  PL9D 

75 

6 

Bearing  Stake 

80 

5.5 

FACT  PL9D 

80 

7 

Bearing  Stake 

85 

8 

ZDC4  25%,  8 - 37  km. 

FACT  PL9D 

85 

35.5 

Bearing  Stake 

90 

23 

ZDC  90%,  23  - 44  km; 
ZDC  5%,  84  - 183  km. 

ZDC  25%,  44  - 84  km; 

FACT  PL9D 

90 

45.5 

100%  coverage  70  - 72  km. 

Bearing  Stake 

95 

50.5 

ZDC  70%,  50.5  - 90  km; 

ZDC  15%,  90  - 183  km. 

FACT  PL9D 

95 

83 

Bearing  Stake 

100 

60.5 

ZDC  95%,  60.5  - 89.5  km;  ZDC  60%,  89.5  - 208 

FACT  PL9D 

100 

121.5 

Bearing  Stake 

105 

93 

ZDC  90%,  93  - 163  km; 

ZDC  75%,  163  - 237.5 

FACT  PL9D 

105 

158 

Bearing  Stake 

110 

173 

ZDC  95%,  173  - 250  km; 

ZDC  35%,  258  - 286  km 

FACT  PL9D 

110 

200 

1.  Smoothed  by  running  average  with  a 2 kilometer  window. 

2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 

3.  R = Range  to  which  detection  coverage  is  continuous. 

V 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-14.  Detection  Range  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data!  and 
FACT  PL9D  Model  2 Results. 

(Station  IB,  Run  PI,  Source  Depth  = 18m, 
Receiver  Depth  = 1685  m,  Frequency  = 290  Hz) 


Data  Set 

FOM 

r 

R 3 
c 

j 

Range  > Rq 

Bearing  Stake 

75 

6.5 

FACT  PL9D 

75 

10 

l 

Bearing  Stake 

80 

8 

100%  coverage  9 - 10.5  km. 

FACT  PL9D 

80 

12.5 

Bearing  Stake 

85 

12 

ZDC4  70%,  12  - 31  km. 

FACT  PL9D 

85 

24 

i 

Bearing  Stake 

90 

29.5 

ZDC  35%,  29.5  - 63  vm. 

FACT  PL9D 

90 

50 

Bearing  Stake 

95 

36 

ZDC  80%,  36  - 69  km;  ZDC  40%,  69  - 108  km 

FACT  PL9D 

95 

70.5 

100%  coverage  84  • 87.5  km. 

Bearing  Stake 

100 

69.5 

ZDC  90%,  69.5  - 100  km;  ZDC  35%,  100  - 127.5  - 

100%  coverage  182  - 186  km 

FACT  PL9D 

100 

107 

100%  coverage  121  - 124  km. 

Bearing  Stake 

105 

101 

ZDC  65%,  101  - 286  km. 

FACT  PL9D 

105 

147.5 

100%  coverage  159.5  - 163.5  km  j 

Bearing  Stake 

110 

204.5 

1 

ZDC  90%,  204.5  - 286  km 

FACT  PL9D 

110 

188 

100%  coverage  196.5  - 203  km 

Bearing  Stake 

115 

>266 

i 

j 

i 

FACT  PL9D 

115 

250 

1.  Smoothed  by  running  average  with  a 2 kilometer  window. 

2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no  smoothing 
was  used. 

3.  R = Range  to  which  detection  coverage  is  continuous. 

v 


4. 


ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over  J 

which  detection  can  be  made. 
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(C)  Table  IID-15.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data*  and 
FACT  PL9D  Model2  Results. 

(Station  IB,  Run  PI,  Source  Depth  = 18m, 

Receiver  Depth  = 3320  m,  Frequency  = 290  Hz) 


Data  Set 

FOM 

*c3 

Range  >Rc 

Bearing  Stake 

75 

8 

FACT  PL9D 

75 

11 

100%  coverage  19  - 20  km. 

Bearing  Stake 

80 

11 

100%  coverage  12  - 14  km. 

FACT  PL9D 

80 

21 

Bearing  Stake 

85 

18.5 

100%  coverage  27  - 31.5  km 

FACT  PL9D 

85 

22.5 

100%  coverage  55  - 57  km. 

Bearing  Stake 

90 

18.5 

ZDC4  45%,  18.5  - 56  km 

FACT  PL9D 

90 

59.5 

Bearing  Stake 

95 

22 

ZDC  75%,  22  - 75;  ZDC  20%,  75  - 133  km 

FACT  PL9D 

95 

63 

100%  coverage  72.5  - 99  km 

Bearing  Stake 

100 

25 

ZDC  70%,  25  - 163  km;  - ZDC  26%,  163  - 238  km 

FACT  PL9D 

100 

102.5 

100%  coverage  130  - 138  km. 

Bearing  Stake 

105 

79 

100%  coverage  (with  exception  of  79  - 81  and  134- 
135)  to  141  km;  ZDC  35%,  141  - 252  km. 

FACT  PL9D 

105 

142.5 

100%  coverage  167  - 178  km. 

Bearing  Stake 

110 

141.5 

100%  coverage  (except  for  5 dropouts)  to>286  km. 

FACT  PL9D 

110 

183 

| 100%  coverage  194  - 219.5  km. 

1.  Smoothed  by  running  average  with  a 2-kilometer  window. 

2.  Coherent,  semicoherent , and  incoherent  results  were  identical;  no 
smoothing  was  used. 

3.  Rc  = Range  to  which  detection  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Table  IID-16.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Bearing  Stake  Data1  and 
FACT  PL9D  Model  ^ Results. 

(Station  IB,  Run  PI,  Source  Depth  = 18m, 

Receiver  Depth  = 3350  m,  Frequency  = 290  Hz) 


Data  Set 

FOM 

He’ 

Range  > Rfi 

5.5 

Bearing  Stake 

75 

FACT  PL9D 

75 

12 

100%  coverage  19  - 20  km 

Bearing  Stake 

80 

8 

ZDC4  80%,  8-19  km. 

FACT  PL9D 

80 

21 

Bearing  Stake 

85 

13.5 

100%  coverage  16  - 19  km. 

FACT  PL9D 

85 

23 

100%  coverage  56  - 58  km. 

Bearing  Stake 

90 

14 

ZDC  45%,  14  - 58  km 

FACT  PI.9D 

90 

59 

Bearing  Stake 

95 

24 

ZDC  75%,  24  - 63  km;  ZDC  40%,  63  - 112  km. 

FACT  PL9D 

95 

63 

100%  coverage,  68  - 98  km 

Bearing  Stake 

100 

36.5 

ZDC  85%,  36.5  - 134  km;  ZDC  15%,  134  - 222  km 

FACT  PL9D 

100 

102 

100%  coverage  130  - 137.5  km. 

Bearing  Stake 

105 

134 

ZDC  70%,  134  - 286  km. 

FACT  PL9D 

105 

143 

100%  coverage  162  - 179  km. 

Bearing  Stake 

110 

257 

ZDC  85%,  257  - 286  km. 

FACT  PL9D 

110 

183.5 

100%  coverage  194  - 219  and  242.5  - 245.5  km. 

1.  Smoothed  by  running  average  with  a 2-kilometer  window. 

2.  Coherent,  semicoherent  and  incoherent  runs  were  identical;  no 
smoothing  was  used. 

3.  R = Range  to  which  detection  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  range  interval  over 
which  detection  can  be  made. 
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(C)  Figure  IID-2,  Bottom  Loss  Versus  Grazing  Angle.  Frequency  = 25 

Hertz 
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(C)  Figure  IID-3.  Bottom  Loss  Versus  Grazing  Angle.  Frequency  = 140 

Hertz 
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(C)  Figure  IID-13.  Bearing  Stake  Station  IB,  Run  PI,  Source  Depth  = 18 

Meters,  Receiver  Depth  = 496  Meters,  Frequency  = 290 
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(C)  Figure  IID-24. 
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(C)  Figure  IID-26. 


(C)  Figure  IID-28.  Smoothed  Bearing  Stake  Station  IB,  Run  PI,  Sou 

Depth  = 18  Meters,  Receiver  Depth  = 3350  Meters 
Frequency  = 290  Hertz 
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(C)  Figure  IID-33.  FACT  Coherent  Station  IB,  Run  PI,  Source  Depth 

91  Meters , Receiver  Depth  = 3320  Meters , Frequen< 
= 25  Hertz 


(C)  Figure  IID-34.  FACT  Coherent  Station  IB,  Run  PI,  Source  Depth  = 

91  Meters , Receiver  Depth  = 3320  Meters , Frequency 
= 25  Hertz,  Subtracted  from  Smoothed  Bearing  Stake 
Station  IB , Run  PI,  Source  Depth  = 91  Meters, 
Receiver  Depth  = 3320  Meters , Frequency  = 25  Hertz 
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(C)  Figure  IID-40.  FACT  Coherent  Station  IB,  Run  PI,  Source  Depth  = 18 

Meters,  Receiver  Depth  = 1685  Meters,  Frequency  = 140 
Hertz , Subtracted  from  Smoothed  Bearing  Stake  Station 
IB,  Run  PI,  Source  Depth  = 18  Meters,  Receiver  Depth 
= 1685  Meters , Frequency  = 140  Hertz 


-J  & 


18  Meters,  Receiver  Depth  = 3350  Meters,  Frequency 
= 140  Hertz,  Subtracted  from  Smoothed  Bearing  Stake 
Station  IB,  Run  PI,  Source  Depth  = 18  Meters 
Receiver  Depth  = 3350  Meters , Frequency  = 140  Hertz 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
800  NORTH  QUINCY  STREET 

ARLINGTON.  VA  22217-5660  IN  REPLY  REFER  TO 

5510/1 
Ser  93/160 
10  Mar  99 


From:  Chief  of  Naval  Research 

To:  Commander,  Naval  Meteorology  and  Oceanography  Command 

1020  Balch  Boulevard 
Stennis  Space  Center  MS  39529-5005 

Subj : DECLASSIFICATION  OF  PARKA  I AND  PARKA  II  REPORTS 

Ref:  (a)  CNMOC  ltr  3 1 40  Ser  5/1 1 0 of  1 2 Aug  97 

Enel:  ( 1 ) Listing  of  Known  Classified  PARKA  Reports 

1.  In  response  to  reference  (a),  the  Chief  of  Naval  Operations  (N874)  has  reviewed  a number  of 
Pacific  Acoustic  Research  Kaneohe- Alaska  (PARKA)  Experiment  documents  and  has 
determined  that  all  PARKA  I and  PARKA  II  reports  may  be  declassified  and  marked  as 
follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  Chief  of  Naval  Research 
letter  Ser  93/160,  10  Mar  99. 

DISTRIBUTION  STATEMENT  A:  Approved  for  public  release.  Distribution  is 

unlimited. 

2.  Enclosure  (1)  is  a listing  of  known  classified  PARKA  reports.  The  marking  on  those 
documents  should  be  changed  as  noted  in  paragraph  1 above.  When  other  PARKA  I and 
PARKA  II  reports  are  identified,  their  markings  should  be  changed  and  a copy  of  the  title 
page  and  a notation  of  how  many  pages  the  document  contained  should  be  provided  to  Chief 
of  Naval  Research  (ONR  93),  800  N.  Quincy  Street,  Arlington,  VA  22217-5660.  This  will 
enable  me  to  maintain  a master  list  of  downgraded  PARKA  reports. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 


PEGGY  LAMBERT 
By  direction 


Copy  to: 

NUWC  Newport  Technical  Library  (Code  5441) 
NRL  Washington  (Mary  Templeman,  Code  5227) 
NRL  SSC  (Roger  Swanton,  Code  7031) 
i/DTIC  (Bill  Bush,  DTIC-OCQ) 


Continuation  of  LRAPP  Final  Report,  February  1972,  Contract  N0001 4-7 l-C-0088,  Bell  Telephone 
Labs,  Unknown  # of  pages 
(NUSC  NL  Accession  # 057708) 

PARKA  II-A,  The  Oceanographic  Measurements,  February  1972,  MC  Report  006,  Volume  2,  Maury 
Center  for  Ocean  Science  (ONR),  89  pages 

(NUSC  NL  Accession  # 059194)  (NRL  SSC  Accession  # 85007063) 

Project  Pacific  Sea  Spider  - Technology  Used  in  Developing  A Deep-Ocean  Ultrastable  Platform, 

1 2 April  1 974,  ONR- ACR- 1 96,  55  pages 
/(DTIC  # 529  945| 

LRAPP  Program  Review  at  the  New  London  Laboratory,  Naval  Underwater  Systems  Center,  24  April 
1975,  NU S C-TD-4943 , Unknown  # of  pages 
(NUSC  NL  Accession  # 004943) 

An  Analysis  of  PARKA  IIA  Data  Using  the  AESD  Parabolic  Equation  Model,  December  1975,  AESD 
Technical  Note  TN-75-09,  Acoustic  Environmental  Support  Detachment  (ONR),  53  pages 
(NRL  SSC  Accession  # 85004613) 

Bottom  Loss  Measurements  in  the  Eastern  Pacific  Ocean,  26  January  1977,  NADC-76320-20,  66  pages 
/(DTIC  # C009  224) 

PARKA  I Oceanographic  Data  Compendium,  November  1978,  NORDA-TN-25,  579  pages 
/(DTIC  #B1 15  967) 

Sonar  Surveillance  Through  A North  Pacific  Ocean  Front,  June  1981,  NOSC-TR-682, 18  pages 
/(DTIC  # C026  529) 

The  Acoustic  Model  Evaluation  Committee  (AMEC)  Reports,  Volume  1,  Model  Evaluation 
Methodology  and  Implementation,  September  1982,  NORDA-33-VOL-1, 46  pages 
/DTIC  # C034  016) 

The  Acoustic  Model  Evaluation  Committee  (AMEC)  Reports,  Volume  1 A,  Summary  of  Range 
Independent  Environment  Acoustic  Propagation  Data  Sets,  September  1982,  NORDA-34-VOL-1A, 

482  pages 

y(DTIC#C034  017)f 

The  Acoustic  Model  Evaluation  Committee  (AMEC)  Reports,  Volume  2,  The  Evaluation  of  the  Fact 
PL9D  Transmission  Loss  Model,  Book  1,  September  1982,  NORDA-35-VOL-2-BK-1,  179  pages 
/DTIC#C034  018)* 

The  Acoustic  Model  Evaluation  Committee  (AMEC)  Reports,  Volume  2,  The  Evaluation  of  the  Fact 
PL9D  Transmission  Loss  Model,  Book  2,  Appendices  A-D,  September  1982,  NORDA-35-VOL-2-BK- 
2,318  pages 
/(DTIC  # C034  019)  * 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
875  NORTH  RANDOLPH  STREET 
SUITE  1425 

ARLINGTON  VA  22203-1995 


IN  REPLY  REFER  TO: 


5510/1 

Ser  321 OA/01 1/06 
31  Jan  06 


MEMORANDUM  FOR  DISTRIBUTION  LIST 

Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1 ) List  of  DECLASSIFIED  LRAPP  Documents 

1 . In  accordance  with  reference  (a),  a declassification  review  has  been  conducted  on  a 
number  of  classified  LRAPP  documents. 

2.  The  LRAPP  documents  listed  in  enclosure  (1)  have  been  downgraded  to 
UNCLASSIFIED  and  have  been  approved  for  public  release.  These  documents  should 
be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N772)  letter  N772A/6U875630,  20  January  2006. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
unlimited. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 


BRIAN  LINK 
By  direction 


Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

DISTRIBUTION  LIST: 

NAVOCEANO  (Code  N121LC  - Jaime  Ratliff) 

NRL  Washington  (Code  5596.3  - Mary  Templeman) 

PEO  LMW  Det  San  Diego  (PMS  181) 

DTIC-OCQ  (Larry  Downing) 

ARL,  U of  Texas 

Blue  Sea  Corporation  (Dr.Roy  Gaul) 

ONR  32B  (CAPT  Paul  Stewart) 

ONR  3210A  (Dr.  Ellen  Livingston) 

APL,  U of  Washington 

APL,  Johns  Hopkins  University 

ARL,  Penn  State  University 

MPL  of  Scripps  Institution  of  Oceanography 

WHOI 

NAVSEA 

NAVAIR 

NUWC 

SAIC 


Declassified  LRAPP  Documents 


